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Background: The food environment and a person’s socioeconomic status are known to 
influence a person’s access to food and food choices. Socioeconomic status has been 
found to impact food sources of energy amongst adults and children; however limited 
research has been conducted investigating the relationship in adolescents (15-18 years 
old). The last New Zealand Adult Nutrition Survey was conducted over 10 years ago, 
and food patterns are thought to have changed since. The aim of the current study is to 
investigate the relationship between area-based socioeconomic status and food group 
consumption in adolescents, the type and amount of food they consume, and provide 
updated data on food sources of energy for adolescents living in New Zealand. 
 
 
Methods: The SuNDiAL project was a multi-center cross sectional survey of 
adolescents from 19 secondary schools from across New Zealand, with data collected 
over two years. Online self-administered questionnaires measured participant 
demographics, dietary habits, attitudes and motivations to food choice, and weight-loss 
intentions and methods. In order to calculate Body Mass Index z-scores, trained data 
collectors measured standing height and weight. Dietary intake data was collected 
through two 24-hour dietary recalls completed on non-consecutive days. The recalls 
were entered into the dietary assessment software programme FoodWorks to calculate 
nutrient intakes. Foods reported were coded into one of 33 food groups. The proportion 
of each participants’ total mean energy intake from each of the 33 food groups intakes 
was calculated using Stata 16.0 (StataCorp, Texas). 
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Results: 24-hour recalls were completed for 242 girls (2019) and 102 boys (2020) aged 
15-18 years. Participants were categorised into New Zealand Index of Deprivation 
2018 groups, with low including categories 1-3, medium including 4-7 and high 
including 8-10. 37.9% participants were in the ‘low’ (most affluent) group, 41.7% in 
the ‘medium’ group and 20.4% in the ‘high’ group. Analyses (n=338) showed those 
with a higher socioeconomic status consumed more fruits, nuts & seeds, lamb/mutton, 
vegetables and bread. Contrastingly, intake of pork and breakfast cereals increased in 
those living in more deprived areas. In boys only, percent of total energy from cakes & 
muffins decreased in those living in areas of more deprivation. While for girls, percent 
of total energy from non-alcoholic beverages increased with increasing deprivation. In 
boys, a higher percent of total energy was from grains & pasta, poultry, milk and 
breakfast cereals when compared to girls. Girls had a higher percent of total energy 
from sugar/sweets, snack bars and alcoholic beverages when compared to boys. 
 
 
Conclusions: Results showed variation of food sources of energy by socioeconomic 
status amongst the adolescent age group in New Zealand. Findings are consistent with 
research in adolescents from overseas and there are similarities in food consumption to 
the New Zealand studies. Education aimed at adolescents residing in areas of high 
deprivation around the health benefits of fruit and vegetables and nuts and seeds and the 
detriments of sugary beverages are recommended. Given the significant effect of 
socioeconomic status on diet at such a crucial life period, further investigation in a 




This study was undertaken as part of the second phase of the larger SuNDiAL project 
(Survey of Nutrition Dietary Assessment and Lifestyle). The SuNDiAL project was a 
multi-centred cross-sectional survey of New Zealand (NZ) adolescents aged 15-18 years 
old. Dr Jill Hazard and Dr Meredith Peddie are the Principal Investigators. Data 
collection occurred in January 2019 and ended in May 2020. The project involved 
voluntary completion of initial demographic and health questions, a dietary habits 
questionnaire (including attitudes and motivations to food choice and weight-loss 
intentions and methods), two 24-hour dietary recalls, two 24-hour activity recalls, the 
wearing of an accelerometer for seven days, completed activity logbook and blood and 
urine samples. Of the 817 people who initially signed up, the analysis for the current 
thesis included 102 boys and 242 girls who completed both or one 24-hour dietary 
recall. This study uses data from the demographic questionnaires, anthropometry 
measurements and 24-hour recalls. The candidate carried out statistical analysis with 
support from the supervisor.  
 
 
The overall aim of the SuNDiAL project is describe the dietary intakes and habits, 
nutritional status, health status, motivations, attitudes, 24-hour activity patterns and 
screen time habits of adolescents living in NZ. Due to COVID-19 data collection in 
2020 finished in May rather than October 2020. Across the two years, 19 secondary 
schools took part in the study: 13 girls and six boys schools. 
 
 
As part of this thesis the candidate was responsible for the following tasks: 
 
• Visiting three potential secondary schools interested in participating in the 
study 
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• Presenting the SuNDiAL project study details to 70 potential participants at a 
secondary school 
• Fieldwork including anthropometry measurements, blood pressure 
measurements, 24-hour dietary recalls and 24-hour activity recalls on 20 boys 
• Fitting the accelerometers to 10 boys and providing activity log books 
 
• Following up with 20 boys to ensure completion of the online questionnaires 
 
• Collection of accelerometers and log books from the 20 boys 
 
• Inputting 24-hour dietary recall data into the food works database 
 
• Inputting 24-hour activity recall data into the REDCap database 
 
• Interpretation of results 
 





• Principal Investigators (PI): Dr Jill Hazzard (JH) (study biostatistician) and Dr 
Meredith Peddie (MP) 
• SuNDiAL Coordinator: Tessa Scott (TS) 
 
• Academic Supervision: Dr Claire Smith 
 
 
All study investigators were from the University of Otago Department of Human 
Nutrition and were responsible for: study design and development, attaining ethical 
approval, selecting/recruitment of high schools, statistical analysis of data, supervision 
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When we eat, digest and oxidise food and beverages they are converted to energy, 
allowing our body to function (1). A person’s sex, body size, and physical activity 
influence the amount of energy needed (1, 2). Recent trends indicate that 
cardiovascular disease (CVD), obesity and diabetes are occurring earlier in life. It is 
estimated that a poor diet may be responsible for more than one-third of all deaths 
worldwide (3). Furthermore, adults from lower socioeconomic groups have an 
increased risk of heart disease, stroke, and some cancers compared to higher 
socioeconomic groups (4). A healthier diet in childhood and adolescence can lead to 
a reduced risk of non- communicable diseases such as CVD, cancer, non-insulin-
dependent diabetes mellitus, and osteoporosis later in life (3, 5, 6). 
 
 
In New Zealand, there are large inequalities in the prevalence of overweight and 
obesity by socioeconomic status (7). The New Zealand Health Survey 2018/19 (NZHS 
18/19) showed that 26% of people aged 15-24 were overweight and 19% were obese 
(7). Adults living in the most deprived areas of NZ were 1.6 times more likely to be 




A high intake of energy-dense foods that have little nutritional value leads to weight 
gain (3). Affordability of these foods is thought to lead to their high consumption (8). 
Conversely, a predominantly plant-based diet made up of fruits, vegetables, grains, 
beans and nuts is proven to have health benefits (1, 3). On the average NZ income 
such diet is considered to be affordable (9). However, by definition many New 
Zealander’s earn less than the average income. 
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Adolescents are defined by the World Health Organization (WHO) as being 10-19 
years old (10). Their physiological need for nutrients and energy increases as it is a 
time of growth (10). A United Kingdom (UK) study found a poor diet in adolescence 
in low socioeconomic groups (vs. high) lead to higher rates of dental caries and, in 
girls, an increased risk of anaemia and osteoporosis later in life (4). Establishing 
healthy eating habits before adolescence results in a less marked reduction in healthy 
eating habits during adolescence (11-13). Adolescents are often reliant on others for 
food provision, yet they are also beginning to gain independence in food choice, 
especially outside of main meals (14). Some researchers argue that socioeconomic 
status impacts less on food choice during adolescence due to social equalization 
because adolescents are beginning to gain independence from their parents (15, 16). 
 
 
International research investigating associations of adolescents food intake with 
socioeconomic status indicated a higher socioeconomic status to be associated with 
greater consumption of fruits, vegetables and dairy products, and a lower intake of 
sugar-sweetened beverages (SSB) and energy-dense foods (17). Despite the 
importance of dietary intake during adolescence, little research has investigated 
associations with socioeconomic status in New Zealand (NZ). The New Zealand Adult 
Nutrition Survey 2008/09 (ANS 08/09) looked at food sources of energy in 
adolescents, however, associations by socioeconomic status were not reported (2). 
Therefore, the current project aims to explore the associations between  socioeconomic 
status and food intake, specifically in NZ adolescents. 
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2. Literature Review 
 
Socioeconomic status is related to poor health, including CVD, smoking, oral health 
and most significantly, all-cause mortality (4, 18-20). It is thought that variation of 
one's resources and social goods has a flow on effect to differing degrees of advantage, 
which is then expressed in health statistics. Investigating the relationship between food 
sources of energy and socioeconomic status is an important part of understanding how 
diet and food choice differs by socioeconomic status. As adolescence is a time of 
change and growth, food sources of energy in this demographic need to be looked at in 
isolation. It is important to note the variation in terminology and definitions between 
research studies. The definitions and measurement of adolescence, socioeconomic 
status and food sources vary, therefore comparisons are difficult and results should be 
interpreted with care. 
 
 
This literature review focuses on research investigating food choice and diet by 
socioeconomic status in NZ adolescents and children, and international research 




The purpose of this literature review is to: 
 
• Discuss the different methods of measuring socioeconomic status in 
adolescents 
• Investigate relevant NZ literature showing relationships between food sources 
of energy and socioeconomic status in any age group 
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• Examine whether there is evidence that food sources of energy are related to 
socioeconomic status in adolescents 
• Discuss the main food sources of energy showing a relationship with 
socioeconomic status in adolescents around the world 
• Investigate whether the main food sources of energy are different between boys 
and girls around the world 
 
 
2.0.1 Literature Search Strategy 
 
Studies were identified from September 2019 to June 2020 by searching the databases 
Medline (via Ovid), Scopus and Google Scholar. The following keywords and subject 
headings were used: socioeconomic status, socioeconomic position, food sources of 
energy, food group, income, deprivation, inequality, adolescents, young adults, diet, 
food intake, energy intake, dietary intake, dietary energy, dietary patterns, NZ and 
wealth status. Reference lists from key studies were looked at for relevant literature. 
Articles published in a language other than English were excluded. International 
literature focusing on specific food sources of energy (rather than dietary habits) and 
similar measures of socioeconomic status to the area-based New Zealand Index of 
Deprivation 2018 (NZDep18) status were included. To gain more understanding of NZ 
research any papers examining socioeconomic status and diet in children and 
adolescents were included. 
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2.1 Methods of Measuring Socioeconomic Status 
 
Socioeconomic status is defined as a measure of a persons combined economic and 
social status and is positively linked to health (21). There are a number of 
combinations or ways in which socioeconomic status can be described and measured 
for NZ children and adolescents. It is recommended a combination of measures is 
appropriate to describe the socioeconomic status of adolescents (22). Below is a 




2.1.1 Parental/Household Income 
 
Income and wealth are the most accurate measures of a family's material 
circumstances (22). There is a relationship between higher parental income and 
healthier children (22). However, this relationship does not necessarily affect all health 
outcomes (22, 23). Using a single measure of parental income can prove inaccurate as 
it includes an assumption that the household income is evenly distributed according to 
the needs within the household. The number of people in the family dependent on the 
household income would also need to be collected (22). Furthermore, income can vary 
in the short term, and preferably disposable income should be measured as this reflects 
what households have available to spend (22). Income can be a sensitive topic and can 
be difficult to measure (22). In NZ, the income poverty threshold is derived from 60% 
of median disposable household income (24). It can be used to measure the success or 
ineffectiveness of poverty reduction programmes (24). 
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2.1.2 Parental Wealth 
 
Parental wealth is another way of measuring material resources (22). Wealth is thought 
of as a product of income as well as assets such as a house, car, investments or 
inheritance (22). It looks at the accumulation of resources over time. A home affluence 




2.1.3 Parental Occupation 
 
Parental occupation is another common indicator. It is especially appropriate in UK 
where occupation and the social class system have traditionally been strongly 
correlated. However, in today's occupational scene, which has more women and low- 
paid sedentary service jobs, such measures are seen to be increasingly irrelevant (22). 
Notably parental occupation and income are related, hence a relationship between 
occupation and health may also mean there is a relationship between material 
resources and health (22). 
 
 
2.1.4 Parental Education 
 
Parental education is also used to measure socioeconomic status in epidemiological 
studies (22). The level of parents' education is likely to impact on their child’s 
opportunities for education as well as their current and later socioeconomic position 
(26, 27).
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The conventional measures of income, wealth, occupation, education provide effective 
ways to describe and evaluate inequalities. Yet if considered solely, they allow for a 




2.1.5 School Decile 
 
Area based indicators at a school level are measured through school deciles. Each 
school in NZ is ranked with their decile being determined by the New Zealand 
Deprivation Index 2013 (using students home addresses) (28). School decile is split 
into low (1-4), middle (5-8) and high (9 -10) (28). Schools with the lowest decile 
rating have mostly students from high areas of deprivation (28). As the decile measure 
is an average for the whole school, participants' socioeconomic status would not be 
measured on an individual level. 
 
 
2.1.6 New Zealand Index of Deprivation 
 
The NZ Index of Deprivation is a numbered scale from one (least deprived) to ten 
(most deprived) (29). Each neighbourhood (meshblock with around ~87 people) in NZ 
is ranked onto the scale (29). It combines eight scopes of deprivation that are thought 
to be measures of socioeconomic deprivation (29). These variables include income and 
benefit receipt, homeownership, support for sole-parent families, employment status, 
qualifications, household number, communication and transport (29). These are 
measured at the household level in the NZ census. Results are combined to allocate 
each meshblock a deprivation score. Similar to school decile, the NZ Index of 




2.2 Socioeconomic Status and Food Sources of Energy in NZ Children & 
Adolescents 
2.2.1 New Zealand Weight Category Statistics 
 
The New Zealand Health Survey 2018/19 (NZHS 18/19) showed that 51% of those 
aged 15-24 are estimated to be at a healthy weight; the largest percentage of any age 
group (7). Twenty-six percent are estimated to be overweight and 19% to be obese (7). 
The survey also found that adults (aged 15+) living in the most deprived areas are less 
likely to be of a healthy weight and overweight and more likely to be obese than those 
living in the least deprived areas. (7). Those living in the most deprived areas 1.62 
times more likely to be obese than those living in the least deprived areas (men: 1.45; 
women: 1.78) (7). 
 
 
2.2.2 Energy Intake in the New Zealand Adult Nutrition Survey 2008/09 
 
The New Zealand Adult Nutrition Survey 2008/09 (ANS 08/09) was a cross-sectional 
survey of participants over 15 years, diet was measured via 24-hour recall (2). The 
median energy intake for adolescent boys aged 15-18 years was 11028 kJ/day and for 
girls 7635 kJ/day (2). For all adults combined there were no differences in energy 
intake between NZDep06 quintiles after adjusting for age, sex and ethnic group (2). 
The ANS 08/09 reported energy intake by NZ Index of Deprivation, but not food 
sources of energy by NZ Index of Deprivation. 
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2.2.3 Food Sources of Energy in New Zealand Adolescents 
 
In the ANS 08/09, NZ adolescents (15-18 years) top nine sources of dietary energy 
were, bread (boys: 10.2%, girls: 9.8%), bread based dishes (boys: 10.6%, girls: 8.9%), 
potatoes, kumara & taro (boys: 8.8%, girls 8.2%), non-alcoholic beverages (boy: 7.6%, 
girls: 8.1%), grains & pasta (boys: 7.0%, girls: 7.9%), milk (boys: 4.5%, girls: 4.0%), 
poultry (boys: 4.5%, girls: 4.1%), sugar & sweets (boys: 3.1%, girls: 4.9%) and cakes 
& muffins (boys: 1.7%, girls: 4.5%) (2). 
 
 
The following section compares NZ adults (31-50 years) top eleven sources of dietary 
energy to adolescents percent of total energy from that food group. Adolescents had a 
higher percent of energy from; grains & pasta (7.5% vs. 7.0%), potatoes, kumara & 
taro (8.5% vs. 6.2%), non-alcoholic beverages (7.9% vs. 4.6%) and bread based 
dishes (9.8 vs. 4.9%) when compared to adults (2). Adolescents had a lower percent of 
energy from bread (10.0% vs. 11.2%), fruit (3.9% vs. 5.4%), milk (4.3% vs. 5.2%), 
alcohol (2.4% vs. 5.3%), sugar/sweets (4.0% vs. 4.6%) and vegetables (2.2% vs. 




2.2.4 Dietary Habits by New Zealand Index of Deprivation in Adults 
 
There is little information on food sources of energy by deprivation for adolescents so 
information for all adults aged 15 years and older is summarised below. The 
proportion of all NZ adults meeting the Ministry of Health fruit and vegetable 
recommendations decreased with increasing neighbourhood deprivation (2). People 
living in the least deprived areas were more likely to choose wholegrain over white 
bread, trim or reduced-fat milk over standard milk when compared to those living in 
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the most deprived areas (2). They were also less inclined to consume soft drinks and 
energy drinks than those living in areas of greater deprivation (2). Consumption of red 
meat, chicken and seafood were similar across the deprivation levels (2). 
 
 
2.2.5 Dietary habits by New Zealand Index of Deprivation in Adolescents 
 
New Zealand research using the ANS 08/09 data has shown an association between 
NZDep13 and healthy dietary habits amongst adolescents. Adolescents living in the 
least deprived neighbourhoods had higher Healthy Dietary Habits Score (HDHS) 
compared to those living in the most deprived neighbourhoods (31). A higher HDHS 
score was associated with a decreased intake of sucrose and an increased intake of 
protein, dietary fibre, polyunsaturated fatty acid and lactose (31). Healthier habits were 
also evident amongst girls and those not of Māori or Pacific ethnicity (31). 
 
 
Another study conducted in NZ investigated the relationship between area-level 
socioeconomic status (measured by NZDep06) and healthy eating behaviours in 
adolescents from 9107 secondary schools (13). More deprived students were more 
likely to consume fast food, soft drinks and chocolates when compared to the students 
from the less deprived areas (13). Similar to the ANS 08/09, students living in the 
higher deprivation group were less likely to ‘always eat’ breakfast (42%), than those 
living in low deprivation areas (62%) (2, 13). Contrary to other research there were no 
differences in the number of students who ate 5+ fruit and vegetables a day by area- 
level socioeconomic deprivation (low: 21%, medium: 22%, high: 26%) (13). 
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Interestingly, another NZ study noted significantly higher fruit and vegetable 
consumption in Pacific and Māori children, regardless of socioeconomic position (32). 
 
 
2.2.6 Food Security by New Zealand Index of Deprivation in Adults 
 
‘Food security’ is internationally agreed to mean access to adequate, safe, affordable 
and acceptable food in a socially acceptable way (33). Conversely, food insecurity 
becomes apparent when there is uncertainty around acquiring nutritionally adequate 
and safe foods (2, 33). The ANS 08/09 provided information on household food 
security by NZDep06. In those aged 15 years and above, ‘the household’ was able to 
‘always afford to eat properly’ for 89% of males in quintile 1 (least deprived) 
compared to 68% of males in quintile 5 (most deprived) (2). Similarly, 87% of females 
in quintile 1 were able to ‘always afford to eat properly’ compared to 63% of those in 
quintile 5 (2). Households living in areas of more deprivation were more likely to 
experience food insecurity. 
 
 
Recent data from the NZHS 2018/19 estimates that in adults aged 15-24 years, only 
28% met fruit and vegetable guidelines (7). Across the population, those meeting the 
guidelines were significantly lower in the more deprived areas compared to the least 
deprived. Children aged 2-14 years were 3.8 times (boys: 4.5; girls: 2.9) more likely to 
consume soft drinks and 2.0 times (boys: 2.5; girls: 1.6) more likely to consume fast 
food at least three times a week in areas of high deprivation compared (vs. low) (7). 
 
 
New Zealand research shows that adolescents dietary habits vary to that of the adult 
population. There is also evidence of varying food sources of energy between 
socioeconomic groups across the adult population. 
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2.3 Socioeconomic Status and Food Sources of Energy in Adolescents 
Around the World 
This section summaries international research (UK, Mexico, France, Germany and 
Sweden) examining the relationship between food sources of energy and 
socioeconomic status in adolescents. It is important to note that the measurement of 
socioeconomic status and food sources varies between each study. Table 2.1 briefly 
outlines the study designs used in each study and the results are summarised by food 















Bates B, Collins 
D, Cox L, 
Nicholson S, 
Page P, Roberts 










11-18 Continuous cross- 
sectional survey run 
over nine years 
Four-day food 
diaries 
Fifty-five food groups 
and additional 
subgroups 
Total energy and fruit and vegetable intake 
increased with increasing household income. 
Adolescent girls fruit juice consumption 
increased significantly with increasing 
household income, while sugar sweetened 
beverages consumption decreased with 
increasing income in adolescent girls but not in 
boys. No patterns for white meat and total fish 
were observed. 
Drouillet-Pinard 
P, Dubuisson C, 




France 881 11-17 Used data from the 






Initially 43 food groups, 
however this analysis 
looked at four main 




beverages and other 
foods 
Total energy was not related to socioeconomic 
position in adolescents. Adolescents from higher 
socioeconomic position (vs. low) consumed 
more fruit and vegetables, yoghurts, SSB’s, 
processed meat and dairy desserts and less 
cakes/pastries. Total dairy product was not 
associated with socioeconomic position. 
Ortiz- 
Hernandez L & 
Gomez-Tello 
BL. May 2008. 
(36) 
Mexico 7218 12-19 The 2005 National 
Youth cross-sectional 
survey (NYS05) 




The intake frequency of 
13 food groups 
Socioeconomic status affects Mexican 
adolescents dietary choices. Those in higher 
socioeconomic groups consumed more fruits, 
vegetables, cereals, dairy products, bread, 
starchy vegetables, red meat, white meat and fast 
food. Conversely, those in the lower group 






Koletzko S et at. 
September 
2015. (37) 






study, using data 
from the GINIplus 
study (German Infant 
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The intake frequency of 
17 food groups 
Girls with higher (vs. lower) parental education 
were more likely to increase their nut 
consumption over time. Females with medium 
(vs. low) family income were more likely to 
maintain wholegrain intake during the 
adolescence period. Males with higher (vs. 
lower) parental education were less likely to 
increase their egg consumption. 
25  
 
2.3.1 Fruits, Vegetables and Nuts 
 
Fruit and vegetable intake in United Kingdom (UK) adolescents increased with 
increasing household income (34). In French adolescents, those from lower 
socioeconomic position had a lower intake of fruits and vegetables (35). Notably, 
vegetable intake was not associated with any of the socioeconomic position indicators. 
Yet, fruit intake showed differences from 24 to 55 g/d across all measurements of 
socioeconomic position (35). In Mexican adolescents’ following a more traditional 
diet, consumption of fruits and vegetables, including starchy vegetables, decreased 
with lower socioeconomic position (36). However, the lower socioeconomic position 
group had a higher intake of legumes compared to that of higher socioeconomic 
position (36). In Germany, girls with parents with higher education levels (vs. low) 





Eating dairy products decreased with socioeconomic position in Mexican adolescents 
(36). Contrastingly, total dairy product intake was not linked to socioeconomic 
position in French adolescents (35). However, yoghurt intake showed a positive 




2.3.3 Protein Rich Foods 
 
French adolescents of a lower socioeconomic position had a higher intake of processed 
meat than those of a higher socioeconomic position (35). No association was found for 
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other foods in the meat, fish, egg groups individually, or in meat//fish/egg group as a 
whole (35). Eating red and white meat decreased as socioeconomic position declined 
in Mexican adolescents (36). It was found that German boys with high (vs. low) 
parental education were less likely to increase their egg consumption during the 
adolescent period (37). Finally, the number of UK adolescents consuming oily fish 
was seen to increase significantly with increasing household income (34). 
 
 
2.3.4 Sweetened Beverages 
 
French adolescents from a low socioeconomic position were seen to have a higher 
intake of SSB’s, with differences from 47 to 92 g/d depending how socioeconomic 
position was measured (35). Similarly, the lower socioeconomic group of Mexican 
adolescents had a more frequent consumption of soft drinks (36). In the UK a lower 
consumption of SSB’s was seen with increasing household income in adolescent girls, 
but not in boys (34). Additionally, more people consumed fruit juice with increasing 
household income (34). In adolescent girls, fruit juice intake increased by 11g/day 
with every £10,000 increase in household income (34). Furthermore, there was an 
increase in alcohol intake with increasing household income for those aged 11 years 
and over, although it was not statistically significant (34). 
 
 
2.3.5 Other Foods 
 
The consumption of starchy foods showed no relationship with socioeconomic 
position in French adolescents (35). Eating cereals, bread and fast food decreased with 
lowering socioeconomic position in Mexican adolescents (36). Girls with medium (vs. 
27  
low) family income were more likely to maintain wholegrain intake in German 
adolescents (37). A lower intake of cakes and pastries was associated with lower 
socioeconomic position in French adolescents (35). They also found adolescents to 
have a higher intake of dairy desserts with lower socioeconomic position (35). 
 
 
Research from around the world has indicated the prevalence of a relationship between 
socioeconomic status and differences in food sources of energy. Much of the evidence 
is in agreement, yet there is also variance between countries. 
 
 
2.4 Comparison of the Types of Foods Consumed by Boys and Girls 
 
There are some differences in the types of foods consumed by boys and girls. In the 
ANS 08/09, boys percent of total energy from cakes and muffins was notably less than 
girls (1.7% vs. 4.5%). Trends are generally consistent by socioeconomic status for 
boys and girls however there are some exceptions. For example, fruit juice 
consumption was higher in UK girls, while SSB was higher in boys when compared to 
each other (34). In Mexico, males intake of legumes was higher than that of females 
(36). Another review of 98 papers assessed fruit and vegetable intake, including by 
socioeconomic status in those aged 6-18 years (38). It found girls to have a higher 
intake to boys and higher socioeconomic status associated with an increased intake 
(38). Finally, a United States study found intake of added sugars (attributable to snack 




Current NZ research shows variations in dietary intakes by socioeconomic status. This 
corresponds to the international literature, which although limited also investigates the 
adolescent age group specifically. The UK, France and Germany, follow ‘western’ 
diets which are somewhat similar to the traditional NZ diet. Furthermore, they are 
considered as developed economies (40). Results from Mexico may differ, as not only 
is it considered to have a developing economy, their traditional diet (rich in fruit, 
vegetables, legumes and whole grains) in not as translatable to New Zealand’s (40, 
41). There is evidence of dietary intakes differing between genders. The body of 
literature shows adolescents intake to vary by socioeconomic status in a number of 
countries and dietary habits in NZ adolescents. However, there is little information 
investigating differences in diet by socioeconomic status for NZ adolescents. 
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3. Objective Statement 
 
Food sources of energy by socioeconomic status amongst adolescents has not 
previously been examined in New Zealand (17). The primary aim of this thesis is to 




Specifically the objectives of the present study were to: 
 
1. Compare the percent of adolescent girls and boys (15-18 years) reporting any 
consumption of each food group in a 24-hour recall by area-based 
socioeconomic status (New Zealand Index of Deprivation 2018). 
2. Compare the percent of total energy from each food group for the main food 
sources of energy in New Zealand for girls and boys aged (15-18 years) by 
area-based socioeconomic status. 
3. Compare food sources of energy between New Zealand adolescent boys and 




4.1 Study Design 
 
The study is a cross-sectional observational survey. It is part of the SuNDiaL (Survey 
of Nutrition Dietary Assessment and Lifestyle) project which aims to describe the 
dietary intakes and habits, nutritional status, health status, motivations, attitudes, 24-
hour activity patterns and screen time habits of adolescents in NZ. Data was collected 
throughout NZ including: Dunedin, Wanaka, Christchurch, Nelson, Wellington, New 
Plymouth, Rotorua, Tauranga, Auckland and Whangarei. Data was collected for girls 
from February to April 2019 and July to August 2019 and for the boys from February 
to April 2020. Please note some of the text in this section comes from the study 
protocol.  
 
Figure 4.1 Recruitment of schools for the SuNDiaL survey 
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4.2 Ethical Approval 
 
The study gained ethical approval from the University of Otago Human Ethics 
Committee (reference H19/004) (Appendix A & B) and was registered with the 
Australian New Zealand Clinical Trials Registry 2019: ACTRN12619000290190 and 
2020: ACTRN12620000185965. The Masters of Dietetics students were trained under 
the Code of Health and Disability Services Consumers’ Rights 1996 and abided by the 
New Zealand Dietitians: Board Code of Ethics. This study adhered to the current 
Declaration of Helsinki and the International Conference for Harmonization Good 
Clinical Practice (ICH-GCP) regulation and guidelines. This provides priority of 
protection to the participant, in combination with the laws and regulations of NZ. 
 
 
4.3 Schools and Participant Recruitment 
 
The study population included adolescents aged between 15 to 18 years who self- 
identified as boys or girls and were enrolled in one of the schools consenting to take 
part. To be eligible to participate they were required to speak and understand English 




High schools in Dunedin, Wanaka, Christchurch, Nelson, Wellington, New Plymouth, 
Rotorua, Tauranga, Auckland and Whangarei with a role of more than 400 were 
invited to participate. Figure 4.1 shows the recruitment of schools across 2019 and 
2020. An email invitation was sent by the Principal Investigators (PI) and the 
SuNDiAL coordinator in November of 2018 and 2019. Schools that were interested 
were then visited by student researchers who explained more about the study. In 2019, 
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thirteen schools participated and six schools participated in 2020. To recruit 
participants Master of Dietetics students (data collectors) gave a presentation to the 
school or year group at assemblies, explaining what was involved in the study and 
provided the school with information. 
 
 
Students who were interested in participating were asked to provide their name, age, 
email address (and parent/guardian’s email address if under 16 years of age) after the 
in-school presentation. They were instructed to visit the study website for more 
information on the study requirements. The SuNDiAL coordinator then emailed 
interested students a link to a REDCap questionnaire, where they were assigned a 
study ID code (for anonymity) and completed online consent. Participants under the 
age of 16 needed a parent/guardian to also provide online consent for them to 
participate in the study. Following consent, participants answered a short number of 
questions about their demographics (age, date of birth, mobile number, email address 




4.4 Data Collection 
 
Data collection involved enrolment and self-administered dietary habits 
questionnaires, school visits by data collectors (to collect the first 24-hour recall, 
anthropometric, accelerometer and biochemical samples), and a phone interview by 
data collectors to collect a second 24-hour dietary recall. Due to COVID-19 60 boys 
had to have both their first and second 24-hour dietary recalls done via phone or 
video call. Following participants completing online consent and answering the 
initial demographic questions, they were able to work through the online 
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questionnaires or complete them later in their own time via the web application 
REDCap. These questionnaires measured dietary habits, and attitudes and 
motivations to food choice, as well as weight-loss intentions and methods. 
Participants were then called or emailed by data collectors and asked to attend an 
hour-long (approximately) appointment during school time. Secondary 24-hour 
dietary recalls were carried out over the phone and took around 45 minutes for each 
participant. Data collectors aimed to complete one week-day recall and one weekend- 
day recall to allow for the daily variation in dietary intake. 
 
 
4.5 Measurement Tools 
 
4.5.1 Enrolment and Dietary Habits Questionnaire 
 
Demographic and dietary habits information was collected using an online 
questionnaire (Appendix G). The questionnaires were administered via REDCap 
(research electronic data capture, an online survey platform) and were based on 
previously validated questionnaires that were adapted to suit NZ adolescents. 
REDCap, is a secure web application that can be used to build and manage online 
surveys and databases. It allowed for minimal data entry and cleaning. Checks of each 
variable in the database were undertaken before statistical analysis. 
 
Socioeconomic status was determined using NZDep18, an area-based index of socioeconomic 
deprivation (29). Each neighbourhood area in NZ is categorised into a decile of deprivation. A 
score of 1 indicates the lowest deprivation, with 10 being the highest deprivation in NZ (29). 
The home address for each participant was used to identify their meshblock and this was used 




School decile is determined by the New Zealand Deprivation Index 2013, using 
students home addresses (28). Each school on NZ is ranked on a scale of 1-10. In this 
study school decile was split into low (1-4), middle (5-8) and high (9 -10) (28). 




Ethnicity was collected by asking participants to assign their connection with nine 
different ethnic groups (New Zealand European, Māori, Samoan, Cook Island Māori, 
Tongan, Niuean, Chinese, Indian, Other). Each participant was then assigned to one of 
four ethnic groups. If a participant identified with more than one ethnic group they 
were assigned to Māori and then Pacific over other ethnicities. 
 
 
4.5.2 Twenty Four-hour Dietary Recalls 
 
Every participant completed two 24-hour dietary recalls. The first was an in-person 
interview at the participants’ school and the second was over the phone. Masters of 
Dietetics students collecting the data participated in a six-week research methods paper 
which included training in constituents of the study protocol and two weeks of 
intensive training in dietary data collection and entry that occurred immediately before 
data collection. To ensure quality control and consistency between data collectors, 
standard operating procedures were followed for anthropometry, 24-hour dietary 
recalls and data entry into FoodWorks. During data collection, the data collectors 
received ongoing support and supervision from the PIs. 
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For the 24-hour dietary recall, participants were asked to recall everything they ate 
from midnight the previous day (Appendix K). There were three steps to the 24-hour 
dietary recall. Firstly, participants were asked to recall a quick list of foods eaten (and 
water consumption), they were then prompted to provide a more detailed list 
(Appendix K). This included a description of the food or drink if necessary, brands, 
cooking methods, eating times, amount eaten and whether they had any leftovers or 
second helpings. Finally, they were asked to recall any known recipes, asked if there 
was anything else they may have forgotten and if they were willing to participate in a 
second 24-hour dietary recall. Information on recipes and ingredients were collected 
for mixed savoury dishes if these were known. They were asked to estimate quantities 
using household measures, food models, and photographs of different portion sizes. 
The second 24-hour recall dietary recall took about 45 minutes over the phone or by 
video-call (due to COVID-19 limiting school visits). This was undertaken the 
following weekend to allow for variation in dietary intake between different days of 







Weight, height, and ulna length (only boys) were measured in duplicate by trained 
data collectors (Appendix C) Measuring tools used are listed respectively: stadiometer 
(Seca 213: and Wedderburn), scales (one of Medisana PS420, Salter 9037 BK3R, Seca 
Alpha 770, or Soehnle Style Sense Comfort 400, calibrated by the research team) and 
a flexible steel measuring tape. Blood pressure was also measured three times with an 
appropriately sized cuff on the right arm and using a digital blood pressure monitor 
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(OMRON HEM-907; Ormon Healthcare, Japan). Measurements were rounded to the 
nearest 0.1cm or 0.1kg. If the difference between the two measurements was more than 
0.5units, a third measurement made. Height and weight measurements were used to 
calculate body mass index (BMI). BMI z- scores were then calculated using the WHO 
growth charts (42). Participants were classified into four sub-groups: ‘underweight’ 
BMI z-score <-2, ‘healthy’ BMI z-score >=-2 to <=1, ‘overweight’ BMI z-score >1 to 




4.6 Data Management 
 
Standard Operating Procedures were used when collecting and entering all data. To 
ensure accuracy, data quality checks were done on all FoodWorks 24-hour diet recalls 
and REDCap 24-hour activity recalls. To ensure security, the database was sorted on 
investigators’ computers (with passwords) only and information had participants 
names was sorted in separated password protected files that only the PI has access to. 
 
 
4.6.1 Nutrient Analysis 
 
The 24-hour recalls were entered into FoodWorks 9 (Xyris Software Australia Pty Ltd) 
by the Master of Dietetics students to calculate the energy, macronutrients and 
micronutrients in each diet recall. FoodWorks uses the most up-to-date and 
comprehensive food composition tables for NZ (FOODfiles 2018) (The New Zealand 
Institute for Plant & Food Research Limited) which was enhanced by the inclusion of 
ANS 08/09 recipe calculated foods (43). 
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4.6.2 Food Group Coding 
 
For each participant, the proportion of their total nutrient and energy intake from each 
of the 33 food groups was calculated using Stata 16.0 (StataCorp, Texas). Foods were 
coded into food groups using the same protocol, and similar food groups, as the ANS 
08/09. Each food reported in the 24-hour diet recall was coded into a minor sub-group 
which was part of one of thirty-three main food groups. Appendix I shows the list of 
major food group numbers and their description. Appendix J shows the sub food 
groups included in each of the thirty-three major food groups. If the participant 
reported the ingredients of a mixed dish each ingredient was coded into separate food 
groups (44). For example, for nachos, the corn chips would go in the snack foods 
group, the cheese in the cheese group, the sour cream in the dairy products group, the 
beef mix in the beef/veal group and the lettuce in the vegetable group. If the details of 
the food could not be recalled, the food was coded into the main food component of 
the meal/dish (44). For example, a pizza would be coded into the main food group of 
bread-based dishes under a subheading. 
 
 
4.7 Statistical Analysis 
 
Dietary intake estimates from the two 24-hour recalls were adjusted for ‘usual intake’ 
using the Multiple Source Method (MSM) software programme, which adjusts for 
within-person variation (45). This analysis was completed by study statistician Dr Jill 
Hazard.  The total amount of energy (TE) from each of the 33 food groups was 
calculated in excel by low, medium and high deprivation for boys and girls. The 
percent of boys and girls reporting any consumption of each food group and the mean 
percent and 95% Confidence Intervals (CI) of energy intake of each food group by 
low, medium and high deprivation was calculated in excel from the first diet recall. To 
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allow for drop-outs, incomplete data and a small design effect from school clusters, we 
recruited 817 participants. 
 
 
Mean differences and 95% CI were calculated to compare food group intake between 
participants living in high levels and medium levels to those living in areas of low 
deprivation. All data management and statistical analysis was overseen by the study 




Figure 5.1 shows that from the 19 schools recruited across both 2019 and 2020, a 
total of 5600 students took part in the study. Of the 817 participants who initially 
registered interest, 399 were excluded as they were 19 years or older (n=2), did not 
provide parental consent (n=115), did not complete consent (n=259), did not 
complete enrolment (n=22) or withdrew (n=1) and 17 did not complete any 
questionnaires or 24-hour recalls. The current analyses included 102 boys and 242 




Figure 5.1 Participant recruitment 
40  
5.1 Demographics and Anthropometry 
 
Table 5.1 shows the demographic characteristics, BMI-z scores and weight category 
for the participants who completed a 24-hour recall. The mean age was 16.7 (SD: 0.8) 
and the mean BMI z-score was 0.65 (SD: 1.02). More than half of all participants 
(65.2%) were in the healthy weight category, one quarter (25.0%) classed as 
overweight and 9.5% obese. There was a higher percentage of girls (10.8%) than boys 
(5.7%) in the obese category. The girls group included a higher percent of New 
Zealand European and Other (NZEO) participants compared to the boys (59.4% vs. 
78.0%). Conversely, there was a larger percent of Asian boy participants than girls 
(30.2% vs. 3.7%). The majority of participants identified as NZEO (72.7%) and were 
living in areas of low or medium deprivation (79.6%). Similarly, nearly all (96%) 
attended more affluent medium or high decile schools. Furthermore, only 14 
participants attended a low decile (less affluent) school, although 69 were living in the 
most deprived areas. 
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Table 5.1 Demographic characteristics of participants with a 24-hour diet recall in the 
SuNDiAL study 2019/20 
 
  All  Boys  Girls 
 n1 % n % n % 
Age (years) mean(sd) 345 16.7(0.8) 102 16.6(0.7) 243 16.8(0.8) 
BMI z-score mean(sd)2 3283 0.65(1.02) 88 0.40(1.14) 240 0.74(1.06) 
Weight Status n(%) 328  88  240  
Underweight 1 (0.3) 1 (1.1) 0 (0) 
Healthy Weight 214 (65.2) 57 (64.8) 157 (65.4) 
Overweight 82 (25.0) 25 (28.4) 57 (23.8) 
Obese 31 (9.5) 5 (5.7) 26 (10.8) 
Ethnicity n(%) 3374  96  241  
NZEO5 245 (72.7) 57 (59.4) 188 (78.0) 
Māori 45 (13.4) 7 (7.3) 38 (15.8) 
Asian 38 (11.3) 29 (30.2) 9 (3.7) 
Pacific 9 (2.7) 3 (3.1) 6 (2.5) 
NZDep18 n(%)6 3387  96  242  
Low 128 (37.9) 31 (32.3) 97 (40.1) 
Medium 141 (41.7) 41 (42.7) 100 (41.3) 
High 69 (20.4) 24 (25.0) 45 (18.6) 
School Decile n(%)8 345  102  243  
Low (less 
affluent) 
14 (4.1) 0.0 (0.0) 14 (5.8) 
Medium 192 (55.7) 54 (52.9) 138 (56.8) 
High (more 
affluent) 
139 (40.3) 48 (47.1) 91 (37.5) 
1
 n=number of participants who completed a 24-hour recall and had sufficient data recorded, of the 
401 participants recruited, 345 (86%) completed a 24-hour recall and were included in these analyses 
2 BMI=Body Mass Index, sd=standard deviation, body weight categories defined as underweight BMI 
z-score <-2, healthy weight BMI z-score >=-2 & <=1, overweight BMI z-score >1 & <=2 and obese 





 n=17 participants did not have height and weight measurements 
4
 Eight participants did not provide ethnicity details 
5
 NZEO=New Zealand European and other 
6
 NZDep18=New Zealand Index of Deprivation 2018, a high NZDep18 score reflects higher areas of 
deprivation: ‘low’ NZDep18 scores 1-3, ‘medium’ NZDep2018 4-7, ‘high’ NZDep18 8-10 
7
 n=16 participants no address, therefore NZDep18 score missing 
8
 A lower school decile reflects a more deprived school: ‘low’=school decile 1-3, ‘medium’=school 
decile 4-7, ‘high’=school decile 8-10 
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Table 5.2 shows demographic characteristics, energy intake, BMI-z scores and weight 
by NZDep18 category. There were differences in mean BMI z-scores and weight 
status by area-based deprivation. For boys, mean BMI z-score increased with 
increasing NZDep18 category (low: 0.04, medium: 0.39, high: 1.00). For girls, there 
was an upwards trend (low: 0.70, medium : 0.72, high: 0.90). More participants living 
in areas of high deprivation were in the overweight category (low: 20.5%, medium : 
21.9%, high: 42.2%) and obese category (low 7.4%, high 10.9%). Particularly in girls, 
a higher percentage were in the overweight group in areas of higher deprivation 
compared to the low (low: 18.5%, medium : 23.0%, high: 37.2%). Overall there were 
less NZEO and more Māori, Pacific and Asian participants with increasing 
deprivation. Approximately 75.4% of students attending ‘medium’ decile schools were 




Table 5.2 Demographic characteristics of participants with a 24-hour diet recall by New Zealand Index of Deprivation 2018 Category, 
SuNDiAL study 2019/20 
 
   All   Boys   Girls  
 n1 Low2 Medium High Low Medium High Low Medium High 




















Age (years) mean(sd) 338 16.8(0.8) 16.8(0.8) 16.6(0.8) 16.8(0.9) 16.8(0.9) 16.7(0.9) 16.7(0.8) 16.7(0.8) 16.6(0.7) 
BMI z-score mean(sd)3 323 0.56(0.97) 0.63(1.03) 0.93(1.05) 0.04(1.10) 0.39(1.14) 1.00(1.00) 0.70(0.88) 0.72(0.98) 0.90(1.09) 
Weight status (%) 323          
Underweight 1 0.8 0 0 3.9 0 0 0 0 0 
Healthy 
weight 
209 1.3 67.2 46.9 69.2 73.0 38.1 71.9 65.0 51.2 
Overweight 82 20.5 21.9 42.2 26.9 18.9 52.4 18.8 23.0 37.2 
Obese 31 7.4 11.0 10.9 0.0 8.1 9.5 9.4 12.0 11.6 
Ethnicity (%)4 337          
NZEO5 245 76.6 75.0 60.9 64.5 63.4 45.8 80.4 79.8 68.9 
Māori 45 11.7 12.9 17.4 3.2 4.9 16.7 14.4 16.2 17.8 
Asian 38 9.4 11.4 14.5 32.3 31.7 25.0 2.1 3.0 8.9 





   All   Boys   Girls  
 n1 Low2 Medium High Low Medium High Low Medium High 
School decile (%)6 338          
Low (less 
affluent) 
14 0.8 5.5 8.7 0.0 0.0 0.0 1.0 7.0 13.3 
Medium 187 41.4 58.2 75.4 29.0 51.2 83.3 45.4 61.0 71.1 
High (more 
affluent) 
137 57.8 36.9 15.9 71.0 48.8 16.7 53.6 32.0 15.6 
1 n=number of participants who completed a 24-hour recall and have sufficient data recorded, non-responders were not included in calculations 
2 The lowest NZDep18 category reflects the least deprivation 
3 BMI, Body Mass Index, sd=standard deviation, body weight categories defined as underweight BMI z-score <-2, healthy weight BMI z-score >=-2 & <=1, 
overweight BMI z-score >1 & <=2 and obese BMI z-score >2, 15 participants did have height and weight measurements and were excluded from BMI calculations 
4 n=8 participants did not provide ethnicity details 
5 NZEO, New Zealand European and other 
6 A lower school decile reflects a more deprived school: ‘low’=school decile 1-3, ‘medium’=school decile 4-7, ‘high’=school decile 8-10 
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In Table 5.3 the percentage of boys reporting each food group in the 24-hour diet recall 
is shown by NZDep18. The most commonly reported food groups for boys were bread 
(82.3%), vegetables (79.2%), grains & pasta (78.1%), milk (75.0%) and fruit (68.8%) 
(Table 5.3). A lower percent of boys living in areas of medium (mean difference: 23.0 
(95% CI: 0.0, 50.0)) and high deprivation (mean difference: 24.0 (95% CI: 1.8, 46.2)) 





Table 5.4 shows the most commonly reported food groups for girls were bread (83.5%), 
vegetables (83.5%), fruit (79.3%), grains & pasta (74.0%) and milk (69.4%). The 
percent of girls reporting fruit decreased with increasing area-level deprivation (mean 
difference low vs. high: -21.0 (95%CI; -6.9, -35.3)). Similarly, girls living in more 
deprived areas were less likely to report eating nuts & seeds (mean difference: -21.7 
(95% CI: -4.5, -39.1)) and bread (-18.7 (95% CI: -5.2, -32.2)) than those living in the 
least deprived areas. In contrast, a higher percentage of girls living in high areas of 
deprivation reported consumption of non-alcoholic beverages (mean difference: 27.0 
(95% CI: 11.3, 44.3)) than those living in the least deprivation. 
 
 
5.3.3 Boys and Girls 
 
Appendix L shows the most commonly reported food groups for boys and girls 
combined were bread (83.1%), vegetables (82.2%), fruit (76.3%), grains & pasta 
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(75.1%) and milk (71.0%). The percent of boys and girls combined reporting any 
consumption from fruit (mean difference low vs. high: -21.1 (95% CI: -8.6, -33.7)), 
vegetables (mean difference low vs. high: -10.3 (95% CI: -1.5, -19.2)), lamb/mutton 
(mean difference low vs. high: -9.1 (95% CI: -1.1, -18.0)), bread (mean difference low 
vs. high: -13.4 (95% CI: -2.0, -24.8)) and nuts & seeds (mean difference low vs. 
medium: -22.3 (95% CI: -8.1, -36.5)) declined with increasing area level deprivation 
(Appendix L). Other findings in food group consumption showed intake of pork (mean 
difference low vs. high: 14.0 (95% CI: 0.0, 27.5)) and breakfast cereals (mean 
difference low vs. medium: 12.7 (95% CI: (0.0, 24.6)) increasing in those living in areas 
of more deprivation. 
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Table 5.3 Percentage of boys reporting any consumption for each food group in their 24-hour diet recall by NZ Index of Deprivation, 
SuNDiAL study, 2019/20 (n=338) 
 
   Low1  Medium  High  Total 
Food Group  % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Bread (including rolls and 
specialty breads) 
 80.6 (63.0, 91.1) 85.4 (71.0, 93.3) 79.2 (58.5, 91.1) 82.3 (73.3, 88.7) 
Vegetables  90.3 (73.8, 96.9) 70.7 (55.1, 82.6) 79.2 (58.5, 91.1) 79.2 (69.8, 86.2) 
Grains and pasta  80.6 (63.0, 91.1) 78.0 (62.8, 88.2) 75.0 (54.2, 88.4) 78.1 (68.7, 85.3) 
Milk  74.2 (56.2, 86.6) 78.0 (62.8, 88.2) 70.8 (50.1, 85.5) 75.0 (65.3, 82.7) 
Fruit  71.0 (52.9, 84.2) 75.6 (60.2, 86.4) 54.2 (34.5, 72.6) 68.8 (58.8, 77.2) 
Savoury sauces and 
condiments 
 58.1 (40.3, 73.9) 63.4 (47.8, 76.7) 66.7 (46.0, 82.4) 62.5 (52.4, 71.6) 
Poultry  48.4 (31.6, 65.6) 61.0 (45.4, 74.6) 66.7 (46.0, 82.4) 58.3 (48.2, 67.8) 
Breakfast cereals  51.6 (34.4, 68.4) 58.5 (43.1, 72.5) 54.2 (34.5, 72.6) 55.2 (45.1, 64.9) 
Non-alcoholic beverages  54.8 (37.4, 71.2) 51.2 (36.2, 66.0) 62.5 (42.1, 79.3) 55.2 (45.1, 64.9) 
Potatoes, kumara and taro  54.8 (37.4, 71.2) 46.3 (31.8, 61.5) 50.0 (30.9, 69.1) 50.0 (40.1, 59.9) 
Cheese  38.7 (23.4, 56.6) 58.5 (43.1, 72.5) 41.7 (24.0, 61.8) 47.9 (38.1, 57.9) 
Sugar/sweets  38.7 (23.4, 56.6) 41.5 (27.5, 56.9) 54.2 (34.5, 72.6) 43.8 (34.2, 53.8) 
Pork  25.8 (13.4, 43.8) 41.5 (27.5, 56.9) 45.8 (27.4, 65.5) 37.5 (28.4, 47.6) 
Biscuits  32.3 (18.3, 50.4) 34.1 (21.3, 49.8) 45.8 (27.4, 65.5) 36.5 (27.4, 46.6) 
Dairy products  32.3 (18.3, 50.4) 39.0 (25.4, 54.6) 37.5 (20.7, 57.9) 36.5 (27.4, 46.6) 
Sausages and processed 
meats 
 38.7 (23.4, 56.6) 34.1 (21.3, 49.8) 25.0 (11.6, 45.8) 33.3 (24.6, 43.4) 





   Low1  Medium  High  Total 
Food Group  % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Nuts and Seeds  48.4 (31.6, 65.6) 24.4 (13.6, 39.8) 25.0 (11.6, 45.8) 32.3 (23.7, 42.3) 
Eggs and egg dishes  38.7 (23.4, 56.6) 31.7 (19.3, 47.3) 20.8 (8.9, 41.5) 31.3 (22.8, 41.2) 
Beef and veal  35.5 (20.8, 53.5) 24.4 (13.6, 39.8) 29.2 (14.5, 49.9) 29.2 (20.9, 39.1) 
Bread based dishes  25.8 (13.4, 43.8) 26.8 (15.5, 42.3) 29.2 (14.5, 49.9) 27.1 (19.1, 36.9) 
Cakes and muffins  38.7 (23.4, 56.6) 14.6 (6.7, 29.0) 20.8 (8.9, 41.5) 24.0 (16.4, 33.5) 
Fish/Seafood  19.4 (8.9, 37.0) 26.8 (15.5, 42.3) 12.5 (4.1, 32.5) 20.8 (13.8, 30.2) 
Snack bars  9.7 (3.1, 26.2) 24.4 (13.6, 39.8) 20.8 (8.9, 41.5) 18.8 (12.1, 27.9) 
Fats and oils  25.8 (13.4, 43.8) 7.3 (2.4, 20.5) 25.0 (11.6, 45.8) 17.7 (11.3, 26.7) 
Pies and pastries  25.8 (13.4, 43.8) 12.2 (5.1, 26.2) 16.7 (6.4, 37.0) 17.7 (11.3, 26.7) 
Snack foods  16.1 (6.8, 33.5) 12.2 (5.1, 26.2) 20.8 (8.9, 41.5) 15.6 (9.6, 24.4) 
Puddings/desserts  12.9 (4.9, 29.9) 12.2 (5.1,2 6.2) 4.2 (0.6, 24.5) 10.4 (5.7, 18.3) 
Soups and stocks  16.1 (6.8, 33.5) 7.3 (2.4, 20.5) 8.3 (2.1, 28.0) 10.4 (5.7, 18.3) 
Supplements providing 
energy 
 9.7 (3.1, 26.2) 7.3 (2.4, 20.5) 4.2 (0.6, 24.5) 7.3 (3.5, 14.6) 
Lamb/Mutton  12.9 (4.9, 29.9) 0.0 - 0.0 - 4.2 (1.6, 10.6) 
Alcoholic beverages  0.0 - 4.9 (1.2, 17.6) 0.0 - 2.1 (0.5, 8.0) 
Other meat  0.0 - 0.0 - 4.2 (0.6, 24.5) 1.0 (0.1, 7.1) 
1 The lowest NZDep18 category reflects the least deprivation 
2 CI=Confidence Interval 




Table 5.4 Percentage of girls reporting any consumption for each food group in their 24-hour recall by NZ Index of Deprivation, SuNDiAL 
study, 2019/20 (n=338) 
 
   Low1  Medium  High  Total 
Food Group  % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Bread (including rolls and 
specialty breads) 
 87.6 (79.4, 92.9) 86.0 (77.7, 91.6) 68.9 (54.0, 80.7) 83.5 (78.2, 87.7) 
Vegetables  88.7 (80.6, 93.6) 82.0 (73.2, 88.4) 75.6 (60.9, 86.0) 83.5 (78.2, 87.7) 
Fruit  85.6 (77.0, 91.3) 80.0 (71.0, 86.7) 64.4 (49.5, 77.0) 79.3 (73.7, 84.0) 
Grains and pasta  75.3 (65.7, 82.9) 77.0 (67.7, 84.2) 64.4 (49.5, 77.0) 74.0 (68.0, 79.1) 
Milk  71.1 (61.3, 79.3) 71.0 (61.3, 79.1) 62.2 (47.3, 75.1) 69.4 (63.3, 74.9) 
Savoury sauces and 
condiments 
 75.3 (65.7, 82.9) 71.0 (61.3, 79.1) 68.9 (54.0, 80.7) 72.3 (66.3, 77.6) 
Potatoes, kumara and taro  64.9 (54.9, 73.8) 67.0 (57.2, 75.5) 57.8 (43.0, 71.3) 64.5 (58.2, 70.3) 
Non-alcoholic beverages  56.7 (46.7, 66.2) 66.0 (56.2, 74.6) 84.4 (70.7, 92.4) 65.7 (59.5, 71.4) 
Sugar/sweets  67 (57.0, 75.7) 65.0 (55.1, 73.7) 62.2 (47.3, 75.1) 65.3 (59.0, 71.0) 
Biscuits  66.0 (56.0, 74.7) 58.0 (48.1, 67.3) 57.8 (43.0, 71.3) 61.2 (54.8, 67.1) 
Cheese  49.5 (39.6, 59.4) 57.0 (47.1, 66.4) 37.8 (24.9, 52.7) 50.4 (44.1, 56.7) 
Butter and margarine  49.5 (39.6, 59.4) 56.0 (46.1, 65.4) 35.6 (23.0, 50.5) 49.6 (43.3, 55.9) 
Poultry  52.6 (42.6, 62.3) 50.0 (40.3, 59.7) 46.7 (32.7, 61.2) 50.4 (44.1, 56.7) 
Breakfast cereals  34.0 (25.3, 44.0) 48.0 (38.4, 57.8) 26.7 (15.8, 41.4) 38.4 (32.5, 44.7) 
Cakes and muffins  41.2 (31.9, 51.3) 48.0 (38.4, 57.8) 42.2 (28.7, 57.0) 44.2 (38.1, 50.6) 
Nuts and Seeds  48.5 (38.6, 58.4) 43.0 (33.6, 52.9) 26.7 (15.8, 41.4) 42.1 (36.1, 48.5) 





   Low1  Medium  High  Total 
Food Group  % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Bread based dishes  25.8 (18.0, 35.4) 38.0 (29.0, 47.9) 35.6 (23.0, 50.5) 32.6 (27.0, 38.8) 
Pork  24.7 (17.1, 34.3) 38.0 (29.0, 47.9) 35.6 (23.0, 50.5) 32.2 (26.6, 38.4) 
Snack bars  40.2 (30.9, 50.3) 34.0 (25.4, 43.8) 35.6 (23.0, 50.5) 36.8 (30.9, 43.1) 
Eggs and egg dishes  20.6 (13.7, 29.9) 33.0 (24.5, 42.8) 17.8 (9.1, 31.8) 25.2 (20.1, 31.1) 
Snack foods  29.9 (21.6, 39.8) 33.0 (24.5, 42.8) 35.6 (23.0, 50.5) 32.2 (26.6, 38.4) 
Beef and veal  18.6 (12.0, 27.6) 28.0 (20.1, 37.6) 24.4 (14.0, 39.1) 23.6 (18.6, 29.3) 
Fats and oils  29.9 (21.6, 39.8) 27.0 (19.2, 36.6) 24.4 (14.0, 39.1) 27.7 (22.4, 33.7) 
Sausages and processed 
meats 
 17.5 (11.2, 26.4) 22.0 (14.9, 31.2) 24.4 (14.0, 39.1) 20.7 (16.0, 26.3) 
Supplements providing 
energy 
 13.4 (7.9, 21.8) 17.0 (10.8, 25.7) 6.7 (2.2, 18.8) 13.6 (9.8, 18.6) 
Pies and pastries  10.3 (5.6, 18.2) 16.0 (10.0, 24.6) 17.8 (9.1, 31.8) 14.0 (10.2, 19.0) 
Fish/Seafood  14.4 (8.7, 23.0) 16.0 (10.0, 24.6) 24.4 (14.0, 39.1) 16.9 (12.7, 22.2) 
Puddings/desserts  9.3 (4.9, 16.9) 6.0 (2.7, 12.8) 8.9 (3.4, 21.5) 7.9 (5.1, 12.0) 
Soups and stocks  7.2 (3.5, 14.4) 6.0 (2.7, 12.8) 8.9 (3.4, 21.5) 7.0 (4.4, 11.0) 
Alcoholic beverages  3.1 (1.0, 9.2) 5.0 (2.1, 11.5) 8.9 (3.4, 21.5) 5.0 (2.8, 8.5) 
Lamb/Mutton  12.4 (7.1, 20.6) 4.0 (1.5, 10.2) 4.4 (1.1, 16.2) 7.4 (4.7, 11.5) 
Other meat  1.0 (0.1, 7.0) 1.0 (0.1, 6.8) 0.0 - 0.8 (0.2, 3.3) 
1 The lowest NZDep18 category reflects the least deprivation 
2 CI=Confidence Interval 
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Figure 5.2 shows the top food sources of energy were grains & pasta (13.1% total 
energy (TE)), bread (9.7% TE), poultry (8.6% TE), milk (6.2% TE) and breakfast 
cereals (5.1% TE). The percent of total energy from cakes and muffins was lower for 
boys living in medium (mean difference: -5.2 (95% CI: -8.3, -2.0)) areas of deprivation 
compared to boys living in low areas deprivation. 
 
Appendix N shows the mean percent energy for each food group by NZDep18. 
 
Figure 5.2 Top ten food sources of energy by New Zealand Index of Deprivation for 
boys (error bars represent the 95% CI) 
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Figure 5.3 shows the top ten food sources of energy by NZDep18 for girls. Appendix 
O shows the foods contributing the most energy to the diet were bread (10.4% TE), 
grains & pasta (9.2% TE), bread based dishes (6.2% TE), fruit (6.5% TE) and potatoes, 
kumara & taro (5.9%). Figure 5.3 shows the percent of total energy from fruit decreased 
with increasing deprivation (low: 8.0% vs. high: 4.5%) (mean difference low vs. high: - 
3.5 (95% CI: -5.9, -1.0)). The percent of energy from alcoholic beverages was higher 
for girls living in high areas of deprivation compared to low (mean difference: 2.4 
(95% CI: 0.3, 4.6)) (Appendix O). 
 
Figure 5.3 Top ten food sources of energy by New Zealand Index of Deprivation for 
girls (error bars represent the 95% CI) 
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and specialty breads) 
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5.4.3 Boys and Girls 
 
Figure 5.4 shows the top ten food sources of energy by NZDep18. Appendix M shows 
the food groups contributing the most mean percent of total energy to the diet were 
grains & pasta (10.3% TE), bread (10.2% TE), bread based dishes (6.0% TE), fruit 
(5.8% TE) and poultry (5.8% TE). Boys and girls total energy from fruit decreased with 
increasing deprivation (7.0% vs. 3.7% TE) (mean difference low vs. high: -3.3 (95% 
CI: -5.2, - 1.4)). 
 
Figure 5.4 Top ten food sources of energy by New Zealand Index of Deprivation for 
boys and girls (error bars represent the 95% CI) 
Grains & pasta 




Potatoes, kumura & taro 
 
Poultry  
Bread based dishes 








0.0 5.0 10.0 15.0 
Mean Percent of Total Energy 
55  
5.5 Comparison Between Boys and Girls for Percent Reporting Any Food 
Group and the Percent of Total Energy 
Table 5.3 & 5.4 show boys and girls most reported food groups were bread (boys: 
82.3%, girls: 83.5%) and vegetables (boys: 79.2%, girls: 83.5%). Both genders top six 
reported food groups included: grains & pasta (boys: 78.1%, girls: 74.0%), fruit (boys: 
68.8%, girls: 79.3%), milk (75.0%, girls: 79.3%) and savoury sauces & condiments 
(boys: 62.5%, girls: 72.3%). Boys reported consuming more breakfast cereals (55.2% 
vs. 38.4%) when compared to girls. Comparatively, girls reported consuming more 
sugar/sweets (65.3% vs. 43.8%) when compared to boys. 
 
 
Figure 5.5 shows the top food sources of energy as a mean percent of total energy for 
boys and girls. For boys, a higher percent of total energy was from grains & pasta 
(13.1% vs. 9.2% TE), poultry (8.6% vs. 4.7% TE), milk (6.2% vs. 3.8% TE) and 
breakfast cereals (5.1% vs. 2.8% TE) when compared to girls. In contrast, girls had a 
higher percent of total energy from sugar/sweets (1.7% vs. 3.8% TE), snack bars (1.0% 



























































6. Discussion and Conclusion 
 
This study examined food sources of energy by socioeconomic status amongst 
adolescents from 19 secondary schools across NZ. Key findings were that adolescents 
reported intake of fruit, nuts & seeds, bread, vegetables and lamb/mutton declined with 
increasing area level deprivation. Contrastingly, intake of pork and breakfast cereals 
increased in those living in more deprived areas. In boys only, percent of total energy 
from cakes & muffins decreased in those living in areas of more deprivation. While for 
girls, percent of total energy from non-alcoholic beverages increased with increasing 
deprivation. In boys, a higher percent of total energy was from grains & pasta, poultry, 
milk and breakfast cereals when compared to girls. In contrast, girls had a higher 
percent of total energy from sugar/sweets, snack bars and alcoholic beverages. Other 
studies have investigated food sources of energy by socioeconomic status in NZ adults. 
However, this study is the first to look at food sources of energy by socioeconomic 
status in the NZ adolescent population. As food consumption is known to differ by age 
(46), the findings from the present study are important. This research adds to the 
literature around the association between socioeconomic status and adolescents dietary 
intake, particularly in a NZ context. 
 
 
6.1 Energy Intake 
 
Both the ANS 08/09 and the current study found no trends for differing energy intake 
by area-based deprivation (2). Notably, boys average energy intake was 1174 kJ less in 
the current study compared with the ANS 08/09 (11201 kJ vs. 10027 kJ). Girls energy 
intake was almost identical (7856 kJ vs. 7878 kJ) (2). The male demographic was 
different to the girls, with there being a higher proportion of Asian males. When 
making comparisons to the ANS 08/09 is is important to consider the current study has 
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a significantly smaller sample size.  
 
A ‘healthy’ BMI z-score between >=-2 to <=1 is appropriate in assessment of adequate 
energy intake in adolescents (10). There are a high number of obese and overweight 
adolescents in NZ (7). When a person’s energy from food and drink is more than their 
energy expended from physical activity and metabolism, weight gain occurs (10). 
Although differences in consumption between socioeconomic groups may seem 
minimal when looking at single food groups, it is important to consider the accumulated 
effect of food groups disparities on the nutritional adequacy of ones diet as a whole. The 
development of habits will influence food intake over a lifetime. Thus, if such habits 
lead to a positive energy balance and weight gain, the cycle of health inequality 
between socioeconomic groups continues. The results are of value for the establishment 
of public health dietary initiatives, particularly in those targeting lower socioeconomic 
adolescent groups. As each life stage is unique, larger nutrition investigations that detail 
the association between socioeconomic status and food choices in specific age groups 
would be beneficial. 
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6.2 Fruits, Vegetables and Nuts 
 
The current study shows both fruit and vegetable intake to be lower in low 
socioeconomic groups for boys and girls combined. Only for girls, there was a 
significant association with fruit intake being lower in lower socioeconomic groups. 
Nut and seed consumption in boys was higher in those living in areas of low or medium 
deprivation compared to high deprivation areas. International literature has found fruit 
and vegetable intake in adolescents to be positively associated with higher 
socioeconomic status (34, 36). Similar to the current study, associations between 
socioeconomic status in French adolescents were found to be significant in the fruit and 
vegetable group (35). One study on nut consumption saw a similar trend to our results, 
with an increase in intake seen in girls with parents with higher education levels (37). In 
NZ, fruit and vegetable prices are seasonal, although all seasons have low cost options 
(seasonal produce, tinned/frozen produce). As boys data was only collected in the first 
half of the year, this may have influenced results between boys and girls. Nuts are seeds 
are seen to be part of a more expensive diet in NZ (47).  
 
 
6.3 Bread and Potatoes, Kumara & Taro 
 
A lower percentage of adolescents in the most deprived areas reported bread intake. 
This may be due to increasing consumption of alternative carbohydrate sources such as 
grains and pasta.  
 
 
6.4 Alcoholic & Non-alcoholic beverages 
 
Girls consumption of alcoholic and non-alcoholic beverages were higher in high 
deprivation areas. Similarly, in the UK a lower consumption of SSB’s was seen with 
increasing household income in adolescent girls, but not in boys (34). Fruit juice 
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consumption was also seen to be significantly higher in UK girls by decreasing 
socioeconomic status (34). In the present study, non-alcoholic beverages included: tea, 
coffee, hot drinks, fruit juices, cordials and fruit drinks, soft drinks, water, sports drinks, 
energy drinks, powerade drink and other non- alcoholic beverages. This makes it 
difficult to draw specific conclusions on beverages contributing the most to girls energy. 
While socioeconomic factors may not fully explain the increased consumption of non-
alcoholic beverages for girls in more deprived areas, environmental factors can. 




The percent of energy from alcoholic beverages was higher for girls living in high areas 
of deprivation compared to low. This is contrasting to other research showing an 
increase in alcohol intake with increasing household income in adults, although it was 
not statistically significant (34). Notably, boys percent of total energy from 





When the percent of total energy from each food group was looked at for boys and girls 
combined, parallel trends were seen. Consumption of lamb/mutton increased with 
decreasing deprivation, while consumption of pork showed the opposite relationship. 
The cheaper, processed cuts of pork are known to be more often consumed by younger 
people (47, 50). Lamb/mutton has previously been seen as a traditional food group of 
the New Zealand European diet (51). More New Zealand Europeans adolescents living 




6.6 Differences Between Boys and Girls 
 
The current study found food group consumption to be gender specific, similar to the 
ANS 08/09 (2). Girls are known to have more healthful eating habits, both in NZ and 
around the world (2, 52). In this study we didn’t find any evidence that girls were more 
healthful than boys. The top six reported food groups in the 24-hour recall were similar 
between boys and girls (bread, vegetables, grains & pasta, fruit, milk, savoury sauces & 
condiments). However, when intake was examined as a mean percent of total energy, 
boys had a higher percent of total energy from grains & pasta (13.1% vs. 9.2%), poultry 
(8.6% vs. 4.7%), milk (6.2% vs. 3.8%) and breakfast cereals (5.1% vs. 2.8%) when 
compared to girls. Girls had significantly higher contribution to energy intakes from 
sugar/sweets (1.7% vs. 3.8%), snack bars (1.0% vs. 2.6%) and alcoholic beverages 
(0.1% vs. 1.0%). Although not statistically significant, girls were seen to consume more 
fruit (6.5% vs. 4.1%). A review assessing adolescent fruit and vegetable intake found 
girls to have a higher intake compared to boys (38). Significant relationships were 
found in males who consumed more eggs and SSB’s if they had parents with a lower 
education level (37). In contradiction, research has found adolescent girls to consume 
more snacks (bakery items, sweets, salted snacks and soft drinks) than males (53).  
 
 
6.7 Comparison to the New Zealand Adult Nutrition Survey 2008/09 
 
For adolescents in the ANS 08/09, bread (10% TE) was their top food source of energy, 
followed by bread based dishes (9.8% TE), potatoes, kumara & taro (8.5% TE), non- 
alcoholic beverages (7.9% TE) and grains and pasta (7.5% TE) (2). In the current study, 
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grains & pasta (10.3% TE) was the most consumed food group, followed by bread 
(10.2% TE), bread based dishes (6.0% TE), fruit (5.8% TE) and poultry (5.8% TE). 
Trends in adolescents food consumption show fruit and poultry to have replaced 
potatoes, kumara & taro and non-alcoholic beverages in the top five food sources of 
energy (2). An increase in consumption of grains & pasta (7.5% to 10.3% TE) and 
decrease of potatoes, kumara & taro (8.5% to 5.7% TE) is evidence of time trend dietary 
changes amongst adolescents. One of the most notable differences was non-alcoholic 
beverage consumption decreasing over time (7.9% to 3.3% TE). It is possible that NZ 
public health campaigns and education around promoting water only in schools and 
reducing intake of SSB’s may have influenced adolescents beverage consumption (54). 
A limitation of the current study is that it is not nationally representative with which to 
analyse temporal changes to dietary intakes. Hence, the differences in results, while are 




The UK, France and Spain have seen potato consumption decline in adults (55-57). 
There are a number of potential reasons believed to be attributable to the decline in UK 
potato consumption, of which some are applicable to NZ. These include the longer 
preparation and cooking time compared to pasta and rice, an increase in cultural 
variation and more affordable pasta and rice products becoming available (44, 55). 
Exploration of changes to the NZ population and cultural composition is recommended 
to gain a better understanding of the diversity in NZ adolescents dietary intake. 
 
6.8 Strengths and Limitations 
 
Data collectors were trained Masters of Dietetics students who undertook extensive 
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training on how to undertake accurate 24-hour recalls, anthropometric measurement and 
data entry. Training was based around a systematic, standardised approach to data 
collection, with detailed protocol in place to guarantee consistency between data 
collectors. Academics experienced in undertaking large dietary surveys and repeat 24- 
hour dietary recalls checked most of the data entries for participants, with adjustments 
for usual intake made. Assessment of dietary intake through 24-hour recalls is widely 
seen as the most suitable method in national nutrition surveys and is appropriate for 
adolescent population (58). Two 24-hour recalls can represent usual nutrient intake as 
they account for day-to-day variation of food choices (59). Ideally two recalls were 
completed, however in some cases participants only completed one. Data was able to be 
collected across 10 different locations in NZ, reducing regional bias. Having 
participants who were affected by COVID-19 complete both recalls over the phone, 
meant they were able to look in their pantry/fridge for the specific brand of items.  
 
 
The COVID-19 pandemic affected data collection. The second wave of boys data 
collection had to be cancelled, meaning a smaller sample size in the boys group. Both 
24-hour diet recalls were still able to be completed over the phone although, this 
provided new challenges as the use of props (cups, plates, bowls and measuring spoons) 
were not able to be used as examples of portion sizes. 
 
 
The ethnicity of the boys and girls groups was significantly different. The boys had a 
much larger proportion of Asian participants than the girls group (30.2% vs. 3.7%), 
who had a higher proportion of NZEO’s (78.0% vs. 59.4%). This may be due to limited 
variation in school data collection. The study was completed over two years, with only 
girls looked at in the first year (January - April and June - September) and only boys in 
the second year (January – April). Hence, the girls data was collected at two time 
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periods during the year, thus capturing some seasonal variation, while the boys was 
collected at only one point in time. Using the singular variable of NZDep2018 as the 
measure of socioeconomic status is a limitation to this study. Parental income, 
occupation and education would provide greater insight into what socioeconomic 
factors impacted adolescents food intake. The recently developed Index of Multiple 
Deprivation is also a potential alternative for measurement of adolescents 
socioeconomic status (60). There were no boys from the ‘low’ school decile. Future 
research in a larger ‘low’ school decile population would be beneficial in determining if 
the findings of this study are a true representation of differences between 
socioeconomic status. Lastly, considering intake by food groups leads to difficulty 
comparing results to dietary Ministry of Health dietary guidelines. For easier 
comparisons, further investigations may categorise data into a smaller number of main 
foods or consider dietary habits. It would also be useful to consider differences in 





The results showed that NZ adolescents dietary intake varied by socioeconomic 
status. Investigating the food sources of energy by socioeconomic status amongst NZ 
adolescents has shown intakes of food groups to vary between socioeconomic groups 
and genders. These results emphasise that adolescents from more deprived areas are at 
risk of not meeting their fruit and vegetable requirements and consuming more non- 
alcoholic beverages than those from less deprived areas. Trends suggest that more 
affluent adolescents have healthier dietary patterns, with diets higher in fruits and 
vegetables, nuts and seeds, lamb/mutton and decreased non-alcoholic beverage 
consumption. Future research should focus on quantifying the gram amounts of 
consumption of food groups by socioeconomic status. This would allow quantities to 
be compared to the NZ Ministry of Health dietary guidelines (61). Reducing the 
inequalities amongst socioeconomic groups would require large scale public health 
campaigns and education, particularly in lower socioeconomic adolescent 
environments. Some interventions could include a reduction in the availability of 
SSB’s in lower socioeconomic areas, education around the benefits of fruits and 
vegetables and nut & seeds, subsidies on fruit and vegetables and nuts and seeds in 
lower socioeconomic areas or school lunch schemes in high schools. 
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7. Application to Dietetic Practice 
 
7.1 Part A 
 
If the number of people living in poverty in NZ continues to grow as expected, the 
socioeconomic effect on food intake is likely to intensify (62). The present study 
indicates that lower socioeconomic adolescents are possibly at higher risk of inadequate 
fruit, vegetable and nut intakes when compared to those from higher socioeconomic 
groups. Fruit and vegetables are low-energy sources of fibre, vitamins and minerals 
while nuts and seeds are great sources of fibre, vitamin B & E, iron, zinc, magnesium, 
potassium and calcium (1). Regular consumption of both have been shown to reduce 
all-cause mortality, CVD and even cancer mortality (1). Furthermore, less affluent 
groups are more likely to consume sugary beverages, of no nutritional value. The study 
has contributed to the evidence around food sources of energy by socioeconomic status 
for adolescents in NZ and reveals the need for future investigations, including more 
consideration to adolescents ethnicity and other measures of socioeconomic status. 
 
 
Dietitians should consider diet disparities and their relationship to food security in NZ, 
particularly, fruit, vegetables, nuts and seeds and non-alcoholic beverages. Higher 
consumption of sugary beverages amongst the most deprived population is still an 
established issue (63, 64).  
 
 
Dietary habits established in adolescence play an important role in modelling the future 
of one’s diet (4). The social cognitive theory emphasises the effect of an environment in 
promoting behaviour change (65). Health promotion should focus on both nutritional 
education and the creation of positive environments during adolescence (11, 14). In NZ
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school interventions in primary school aged children involving increased activity and 
healthy eating were found to be effective in childhood weight reduction at the two-year 
follow-up (66). Although, this was in children from schools of varying decile ratings.  
 
 
To reduce socioeconomic disparities, Dietitians should look to both parents (or guardians) 
and adolescents education in the most deprived communities (4). An authoritative 
parenting approach is known to have benefits to adolescents dietary behaviours (11). 
Education must reach all school deciles as a number of adolescents live in areas of 
significant deprivation, yet attend a medium or high decile school. The current water in 
schools programme is a great example of an education and environmental intervention 
(54). Other public health interventions such as subsidies on fruit and vegetables and nuts 
and seeds and school lunch schemes in lower socioeconomic areas would be of benefit 
(67, 68).  Furthermore, the evidence should prompt clinicians to pay attention to the 





7.2 Part B 
 
Completion of this thesis has been an incredible learning opportunity. The research and 
academic writing skills gained are immensely beneficial to my future as a Dietitian. 
In particular, while undertaking the literature search process I discovered the 
importance of critically evaluating the study design and methods of a study. I was 
surprised when a large number of studies looked appropriate when considering the title 
and abstract yet, after further reading were not. The research process reinforced the 
importance of study design, including data collection and analysis. This became 
particularly clear when assessing of the variables food sources of energy and 
socioeconomic status, which can be grouped and measured in numerous ways. Being 
able to accurately prioritise the relevance of a large, variant and in some cases, 
irrelevant literature pool, is a skill I will value for the rest of my career. The skill is 
highly transferrable across all areas of the Dietetics profession. I am now confident 
assessing nutrition literature critically and drawing appropriate conclusions that could 
be clearly translated to a patient or strengthen public health initiatives. In the future I 
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9.1 Appendix A. Ethical Approval 
 
  H20/004 
 
Academic Services 
Manager, Academic Committees, Mr Gary Witte 
Dr M Peddie 
Department of Human Nutrition 










Dear Dr Peddie, 
I am again writing to you concerning your proposal entitled “SuNDiAL Project: 
Survey of Nutrition Dietary Assessment and Lifestyle 2020: Adolescent 
males.”, Ethics Committee reference number H20/004. 
 
Thank you for your email of 5th February 2020 with response attached addressing the 
issues raised by the Committee. 
On the basis of this response, I am pleased to confirm that the proposal now has full 
ethical approval to proceed. 
The standard conditions of approval for all human research projects reviewed and 
approved by the Committee are the following: 
Conduct the research project strictly in accordance with the research proposal 
submitted and granted ethics approval, including any amendments required to be 
made to the proposal by the Human Research Ethics Committee. 
Final report: A Final Report is required by the Committee upon completion of the 
study. The 
Final Report template can be found on the Human Ethics Web Page 
https://www.otago.ac.nz/council/committees/committees/HumanEthicsCommittees.htm 
l 
Adverse or unforeseen events: Inform the Human Research Ethics Committee 
immediately of anything which may warrant review of ethics approval of the research 
project, including: serious or unexpected adverse effects on participants; unforeseen 
events that might affect continued ethical acceptability of the project; and a written 
report about these matters must be submitted to the Academic Committees Office by 
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no later than the next working day after recognition of an adverse occurrence/event. 
Please note that in cases of adverse events an incident report should also be made to 




Discontinuation: Advise the Committee in writing as soon as practicable if the 
research project is discontinued. 
Amendments: Make no change to the project as approved in its entirety by the 
Committee, including any wording in any document approved as part of the project, 
without prior written approval of the Committee for any change. If you are applying 
for an amendment to your approved research, please email your request to the 
Academic Committees Office: 
gary.witte@otago.ac.nz 
jo.farrondediaz@otago.ac.nz 
Locality authorisation: Studies requiring locality authorisation, i.e. permission 
from the organisations at which the study is taking place or from which participants 
are being accessed, must be confirmed before the study commences. 
Approval period: Approval is for up to three years from the date of this letter. If 
this project has not been completed within three years from the date of this letter, re- 
approval or an extension of approval must be requested. If the nature, consent, 
location, procedures or personnel of your approved application change, please advise 
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Manager, Academic Committees 
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Wednesday, 12 February 2020 
 
 
Dr Meredith Peddie 
Department of Human Nutrition 
 
 
Tēnā Koe Dr Meredith Peddie, 
 
SuNDiAL Project: Survey of Nutrition Dietary Assessment and Lifestyle 
2020: Adolescent males 
 
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 
February 2020 to discuss your research proposition. 
 
By way of introduction, this response from the Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. 
In the statement of principles of the memorandum it states ″Ngāi Tahu acknowledges 
that the consultation process outline in this policy provides no power of veto by Ngāi 
Tahu to research undertaken at the University of Otago″. As such, this response is not 
″approval″ or ″mandate″ for the research, rather it is a mandated response from a Ngāi 
Tahu appointed committee. This process is part of a number of requirements for 
researchers to undertake and does not cover other issues relating to ethics, including 
methodology they are separate requirements with other committees, for example the 
Human Ethics Committee, etc. 
 
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan: 
 
″Consultation does not mean negotiation or agreement. It means: setting out a 
proposal not fully decided upon; adequately informing a party about relevant 
information upon which the proposal is based; listening to what the others have 
to say with an open mind (in that there is room to be persuaded against the 
proposal); undertaking that task in a genuine and not cosmetic manner. 
Reaching a decision that may or may not alter the original proposal.″ 
 
The Committee is aware of the researcher's experience in similar studies that have been 
referred to this Committee. As in the past, the Committee encourages the collection of 
ethnicity data as part of the research project as a right of participants to express self- 
identity. The Committee also supports the analysis of cultural perspectives on diet, 
nutrition and social activities such as screen time which may have an impact on the 
research findings. 
 
The Committee acknowledges the aims and outcomes of this research project, and 















This letter of suggestion, recommendation and advice is current for an 18-month period 
from Tuesday, 11 February 2020 to 11 August 2021. The Committee would appreciate 
receiving a copy of the research findings. 
 
 
The recommendations and suggestions above are provided on your proposal submitted 
through the consultation website process. These recommendations and suggestions do 
not necessarily relate to ethical issues with the research, including methodology. Other 




Manager, Māori Research Consultation; Senior Project Manager 
Office of Māori Development Te 
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To complete anthropometric measurements you will need: 
• This protocol 
• A stadiometer that has been assembled correctly, and positioned 
appropriately against a straight wall 
• A set of body weight scales 
• A steel anthropometric measuring tape 
• The blood pressure and anthropometry recording sheet 
 
 
Make sure you have taken the ID number from the name & ID spreadsheet 
and written it correctly on the blood pressure and anthropometry recording 
sheet. 
 
Gain verbal consent from the participant for each measurement and explain 
fully what you will do to obtain them, specifically asking them if it is ok to 
touch the top of their head with the stadiometer when doing the height 
measurement. Before beginning, gain consent from 
the participant to use non-permanent pen for marking 
anatomical land marks. 
 
HEIGHT   
1. Ask the participant to remove their shoes, as well 
as any hair ornaments or buns/braids on the top of 
the head. 
2. If the participant is taller than the investigator, use 
a step tool to take the measurements. Errors can 
be minimised by the investigator being parallel to 
the participant and the headpiece. 
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3. Tell the participant to stand with their heels together and toes apart 
pointing outward at approximately a 60-degree angle. 
4. Make sure the back of the head, shoulder blades, buttocks, and heels of 
the participant are touching the backboard/stadiometer. 
5. Make sure the participant’s head is aligned in the Frankfort horizontal 
plane, where a horizontal line connects from the ear canal to the lower 
border of the orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and 
ask the participant to stand as tall as possible and take a deep breath. 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the 
recording sheet without informing the participants. 
 
 
WEIGHT    
1. Ask the participant to remove any heavy clothing (such as jackets, heavy 
tops, boots etc). As the participant would have just had their height 
measurement done, they should not be wearing shoes. 
2. Turn on the scales, ensure they are switched on to metric (kg). 
3. Ask the participant to step on to the scales so that they are facing away 
from the display (to prevent seeing the weight) cautioning them that they 
need to step up onto the scales. 
4. Wait for the scales to read or come to a stable number. 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 
box on the recording sheet without informing the participant. 
 
ULNA LENGTH: 
Ulna length is measured between the point of the 
elbow and the midpoint of the prominent bone of the 
wrist using an anthropometric steel tape. This value 
is then compared with a standardized height 
conversion chart. Participants should be dressed in 
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light clothing with no wrist watch or other jewellery on the arm that is to be 
measured. 
 
1. Measure between the point of the elbow and the midpoint of the 
prominent bone of the wrist (non-dominant side). 
2. Read and accurately record the measurement to the nearest 0.1 cm in the 
UNLA LENGTH 1 box on the recording sheet without informing the 
participants. 
 
NB: anthropometry tapes have a blank lead before measurement markings 
start - consider this when reading a measurement. 
 
REPEAT ALL MEAUREMENTS   
Repeat all three measurements again, in the same order, entering the 
measurements in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as 
appropriate (do no tell participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units 
apart? If so take a third measurement where required. 
 
Anthropometric measurements will need to be entered into REDCap (see 
REDCap data entry protocol) 
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9.4 Appendix D. 24-hour Diet Recall Protocol 
 
24 Hour Dietary Recall 
 
To complete the 24 h dietary recall you will need: 
• This protocol, including the tips sheet and useful prompts. 
• The 24 h dietary recall recording sheet. 
• Portion size box, including measurement aids and food photographs. 
 
 
Make sure you have taken the ID number from the name & ID spreadsheet 
and written it on every page of the 24 h diet recall recording sheet. 
 
Explain the 24 h recall to the participant 
 
 
“I am going to ask you about everything that you ate and drank yesterday. 
Please try to recall, and tell me about everything that you had to eat at drink, 
whether it be at home, or away from home, including snacks, drinks and 
water. We are not here to decide if what your eating is healthy or not – we 
just want to understand what boys around New Zealand are eating, so we 
would like you to be really honest with us” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then 
we will go back over this list and I will ask you more details about the 
specific foods and drinks, and the amounts.” 
 
“It might help you remember what you ate by thinking about where you 
were, who you were with, or what you were doing yesterday; like going to 
school, eating out, or watching TV. Feel free to keep these activities in mind 
and say them aloud if that helps.” 
 
“So starting from midnight the day before yesterday, what was the first thing 




Start recording quick list – keep prompting until finished 
 
 
“That’s great. Sometimes people forget to tell us about drinks, particularly 
water when we do this list.” 
 
“How much water do you remember drinking yesterday?” (record) 
 
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
 
Stage two – Collect more information 
“I am now going to ask you some more specific questions about each food. 
We also need to work out how much of each food that you ate or drank” 
 




What time did you eat/drink that? (record) 
 
 
Go on to collect specific information that is relevant to each food based on 
the tips provided on the tip sheet. Record as much specific information as 
you can. Record each food item in a different row. 
 
Use the photos and measurement aids to help the participant estimate the 
portion size. Remember that brand and package size will always give you 
the most accurate information. 
 
Before you go onto the next food on the quick list be sure to ask if they 
added anything to the food they have just described. 
 
Stage 3 – check for any further additions 
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“Ok, thanks for working with me to provide all of that detail. We are now 
going to do one more check to make sure there isn’t anything else that 
should be on this list. I am going to read this list back to you. If you 
remember anything else that you ate while I am reading it back to you please 
interrupt me and we will record it” 
 
Read through with the participant all the food and drink they have listed 
 
 




“Last Question: Do you know if the salt you use at home contains iodine?” 
(tick appropriate box) 
 
“Great thank you again. If it is ok with you one day in the next week I 
would like to ring you and go through this process again on a different day, 
so that we can get an idea of how the foods you eat change from day to day. 
What time of the day (outside of school time) would suit you for me to ring 
you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur 
on a randomly selected day, but that might not always be possible (at the 
very least it should be a different day of the week than today) 
 
The 24 h diet recalls will need to be entered into FoodWorks following the 
FoodWorks Protocol. 
 
Tips Sheet   
 
Remember that the more information you can obtain about each food the 
more accurate the data is going to be. Please keep in mind that some of your 
fellow MDiet students are writing their thesis on nutrients (like Folate) that 
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will vary from brand to brand depending on fortification so please be as 
careful and accurate as possible. 
 
You need to gather more information about each food identified on the 
Quicklist. 
Below are some prompts that might help you do this. 
Where possible for packaged foods collect the brand name. 
Potential questions to consider asking (depending on the food reported): 
• What is the brand name? 
• Was it fresh, canned, frozen or rehydrated? 
• Was it home made? Do they know the recipe? If they do record on 
the recipe sheet) – this is more important for savory foods than baking 
(as the basic composition of a biscuit or a cake varies much less than 
the composition of, for example, a stir fry) 
• How was it cooked? Was it baked, fried, or boiled? 
• Was the item coated before cooking, if so what it with flour, batter, 
eggs, or breadcrumbs etc? 
• Was it standard, low fat, low sugar caffeine free? 
 
 
Do not x Collect information about herbs and spices that are used in 
very small quantities 
x Ask leading questions x Ask for recipes for traditional home baking, 
but do note if it is gluten free. x Make assumptions 




Keep your prompts neutral 
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Ask about cooking method and the type of fat used in cooking e.g. if 
they say baked, ask what with? 
Collect brand names for margarine, butter, juices/fruit drinks, 
breakfast cereals, energy drinks, breads, dairy alternatives (e.g. 
almond milk) as the micronutrient content of these products can vary 
considerably from brand to brand 
Ask for the recipe for less traditional home baking (e.g. brownies 
made with black beans, raw caramel slice etc) 
 
 
Useful Probes for Specific Food Groups   
 
FRUIT 
• Peeled or unpeeled 
• Colour? – e.g. red/green apple 
• Tinned? – if so was it tinned in syrup or juice, how much of the 
syrup/juice did they have 
• Use photos of tinned peaches, wooden balls, cups or beans to help 
estimate portion sizes 
 
VEGETABLES 
• Fresh, frozen or tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
• Cooking method – boiled, baked (with fat/oil – what type and how 
much?), microwaved, steamed etc 
• Colour – e.g. red/green capsicums 
• Potatoes – with or without skin, if mashed what was added and how 
much? 
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how 
much of a whole vegetable (e.g. ½ a medium capsicum) 
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• Use photos to help estimate portion size for similar vegetables not shown 
in pictures (e.g. broccoli can be used to estimate cauliflower, peas can be 
used for corn or bean etc). Use thickness guides and rulers to help 
estimate sliced vegetables (e.g. cucumber) 
 
DAIRY 
• Milk – brand name and fat content (show picture of bottle tops) 
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low 
fat 
• Ice cream – brand, any additions? If in a bowl use pictures to help 
estimate amounts 
• Cheese - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use 
pictures) or sliced (thickness guides) 
 
NUTS 
• Roasted, raw, salted, other favouring, blanched 
• Whole, chopped, slivered 
• Mixed – with or without peanuts 




• White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
• Brand name (important for fortification) 
• Toast or sandwich slice (thick or thin) 
• For buns – any toppings (don’t worry about small amounts of seeds, but 
do record cheese, bacon etc) 
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MARGARINE/BUTTER/TABLE SPREAD 
• People often use the term butter and margarine interchangeably so collect 
the brand name (do not comment on the fact they might not have used the 
correct description) 
• Low fat or standard 
• Phytosterols (cholesterol reducing) 




• Juices/Fruit Drinks o Terms used interchangeably so always collect 
brand information if possible 
o 100% juice or fruit drink o No sugar 
added or sweetened? o Added vitamins o 
Commercial or freshly squeezed o Did 
they dilute with water, is so how much? 
o Use cups or pictures of cans and bottles 
to help estimate portion size 
 
 
• Fizzy drinks 
o Brand o Flavour 
o Diet, standard, zero sugar, type of 
sweetener o Caffeinated 
o Use cups or pictures of cans and bottles 
to help estimate portion size 
 
 
• Made from liquid (cordial) or powdered concentrate (Raro) o Brand 
and flavour details of concentrate o Standard or low energy/ low sugar 
version 
o How much concentrate? o Did they 
make it with water or something else? o 
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• Brand and package size most important 




• Try and record recipe if possible 
• If recipe unavailable try and get as much detail as possible 
• Check any protein ingredients, starchy ingredients, vegetables, sauces 
Use photos, cups, plates and bowls to estimate portion size 
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9.5 Appendix E. Daily Data Collection Procedure 
 
Daily data collection procedure 
 
1. The day before starting data collection, send text and/or email reminders to 
participants who have been sceduled for appointments the following day. 
 
2. Report to the school office and sign in (if required). 
 
3. Set up data collection space. Put up SuNDiAL project signs where appropriate. 
Ensure you have your name badge on. 
 
4. Put anthropometric equipment in a private space. 
 
5. Set up clipboards with a diet recall recording sheet, a previous day activity recall 
and a blood pressure and anthropometric recording sheet (at the back). 
 
6. Set up the sphygmomanometer so that it will reach the table at which you are 
completing the 24 h recalls 
 
7. When a participant arrives greet them and take their name. 
 
8. Check on the Name & ID spreadsheet that they have enrolled in the study. 
 
a. If they have not then ask them to complete online enrolment by going to the 
SuNDiAL website, or checking their email for a link to enrol. 
 
b. If they are not on your latest Name & ID spreadsheet but claim to have recently 
enrolled, give Tessa, Jill, or Meredith a quick call. 
 
c. DO NOT collect any data from participants if we don’t have a record of their 
consent to participate. 
 
9. If they are on the spreadsheet take the ID number next to their name and write it on 
the diet recall recording sheet, the previous day activity recall and the blood 
pressure and anthropometric recording sheet. 
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a. The ID number is the most important variable in this study. If the ID number is 
recorded incorrecty then any data collected cannot be matched to the right person 
and that data may not be included in the data set. 
b. EVERY TIME you record an ID number double check that you have written the 
number EXACTLY as it is on the Name & ID Spreadsheet. 
This is very important. 
 
10. Take time to introduce yourself, tell the participant where you are from and why 
you are here. Ask the participant to take a seat, ensure bags and hats are NOT 
placed on tables. Take time to develop rapport with the participant. 
 
11. Carry out the diet recall as per the protocol. 
 
12. Conduct the previous day activity recall as per the protocol. 
 
13. Measure blood pressure as per the protocol. 
 
14. Undertake the anthropometric measures as per the protcol 
 
Please do not hesitate to contact us is you have any questions during data 
collection. 
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9.7 Appendix G. Enrolment Questionnaire 
 
Study	Consent	&	Eligibility	
Thank you for showing an interest in this project. Please read the information about the 
SuNDiAL project carefully. This can be found on our website www.otago.ac.nz/sundial. 
Take time to think about it and talk with family or friends before you decide whether to 
take part or not. If you decide to take part we thank you. If you decide not to take part 
that won’t disadvantage you and we thank you for considering our request. 
 
What is the aim of this research project? 
 
The food and activity patterns of teenage boys probably influence their health and 
wellbeing. However, we don't know much about teenage boys' food intakes and 
physical activity patterns in New Zealand. Teenagers often make their own decisions 
about what foods to eat, but why they choose the foods they do is not well known. Last 
year we conducted a similar study in teenage girls. To get a more complete picture of 
what the teenagers of New Zealand eat and how they spend their time the SuNDiAL 
project is now going to investigate the food intakes and physical activity of adolescent 
males (aged 15-18 years), and why they choose to eat the way they do. 
 
Who is funding this project? 
 
 
This project is funded by the Department of Human Nutrition, University of Otago. 
Who are we seeking to take part in the project? 
 
We are looking for at least 150 male high school students who are between 15 to 18 
years old. To be eligible to take part, your high school must have agreed to take part in 
the study, you must speak and understand English, and be able to complete the 
questionnaires. 
 
If you take part, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
 
1) Complete an online questionnaire 
 
After you have completed the consent process you will be asked to complete an online 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with. This online questionnaire also asks you about your 
overall eating habits, and why you choose to eat the foods that you do. It should take 
about 30 minutes to complete. 
100  
2) Attend a session at your school with our research team 
 
 
This visit will take about 60 minutes during the school day and you will be asked to: 
 
Complete a face to face interview with one of our research team where you will be 
asked to recall everything you ate and drank the day before. They will also ask you to 
recall how you spent your time during that day. 
 
At this session one of our research team will also measure your blood pressure, height, 
weight and the length of your lower arm. Blood pressure will be measured three times, 
and the other measurements will be taken twice to make sure they are as accurate as 
possible. This will be done in a private space and you won't be told these measurements 
unless you ask for them. 
 
20-04-2020 11:04am projectredcap.org 
 
 
3) Complete a second interview about the food you have eaten and your physical 
activity on another day 
 
Sometime in the 2 weeks after you have finished the session at school you will be 
contacted by the research team and asked to complete a second interview where you 
will be asked to recall everything you ate and drank and how you spent your time on a 
different day of the week than the first interview. This is important because sometimes 
you can eat quite differently or do different activities from one day to the next. This 





Contact Meredith or Tessa (ph 03 479 8157) or Jill (ph 03 479 5683) or email us on: 
sundial@otago.ac.nz 
 
This study has been approved by the University of Otago Human Ethics Committee 
(Health) reference number H20/004. If you have any concerns about the ethical conduct 
of the research you may contact the Committee through the Human Ethics Committee 
Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any issues 




Click on the “agree” button below if: 
 
You have read the information about the study and understand the aims of the study 
 
You have had all your questions answered about the study and understand that you can 
ask for more information at any stage 
 
You are a young male who is 15 to 18 years old 
 
You have chosen to take part, but you know you can pull out of the study anytime 
before it finishes in October 2020 
 
You know that as a participant you will be asked to complete questionnaires about why 
you choose to eat the foods that you do, and have your blood pressure, height, weight 
and the length of your forearm measured, and complete interviews about the food that 
you eat and how you spend your time over two different 24 h periods 
 
You know that the responses you provide to the questionnaires in this study will be 
recorded aginst an ID number, not your name. The information linking you to this ID 
number will be destroyed once all the data has been collected and you have been given 
the opportunity to request your individual information. The remaining data, which will 
not be able to be linked back to you in anyway, will be placed in secure storage and kept 
for at least ten years 
 
You understand the results of the project may be published and be available from the 
University of Otago You know that no commercial use will be made of this data 
 
You know that for each component of the study you complete you will receive a $5 
voucher (up to a possible total of $30) 
 
Agreeing to this part of the study does not mean that you have agreed to give a blood 
sample, a urine sample or to wear an accelerometer (you will be asked about those bits 
separately) 
 





Thank you for agreeing to taking part in the SuNDiAL project! If you are male and aged 









Click on the "AGREE" button below if: 
- You have read the information on the website 
- You want to take part in these parts of the study 
 






We would like you to provide a blood sample (which would be collected by someone 
with extensive training in how to take a blood sample), but we understand that not 
everyone feels comfortable about this so it is entirely up to you if you do this. You can 
still take part in the rest of the study even if you don't do this bit. 
 
Click on the 'AGREE' button below if: 
You agree to have a blood sample collected by a phlebotomist (someone with special 
training in how to take a blood sample) You understand the possible risk and discomfort 
Thank you! You are eligible to take part in the SuNDiAL project! 
 
There are three other parts to the SuNDiAL project that are optional. Please read the 
following information carefully before you decide whether to take part in these optional 
bits of the study. For each one of these that you do, you will receive a $5 gift voucher 
from New World or PaknSave. 
 
If you agree to do these, but change your mind later, that's OK - there is no 
disadvantage to you if you decide not to do these. 
 
Once all of the analysis has been completed the samples will be disposed of using 
standard biohazard protocols. 
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involved in providing a blood sample You understand that your blood sample will be 
analysed locally for concentrations of cholesterol and HbA1c You know that the 
concentrations of things measured in your blood will be recorded against an ID number. 
The information linking you to this ID number will be destroyed once all the data has 
been collected and you have been given the opportunity to request your individual 
information. The remaining data, which will not be able to be linked back to you in any 
way, will be placed in secure storage and kept for at least ten years You will receive an 
additional $5 voucher if you provide a blood sample If you do not wish to provide a 







We would also like you to give a urine sample ("pee or wee") - which is easy for you 
collect yourself with the equipment we give you. You can still take part in the rest of the 
study even if you don't do this bit. 
 
Click on the 'AGREE' button below if you are ok with providing a urine sample: 
You agree to provide a urine sample You understand that your urine sample will be 
frozen and transported to the University of Otago where it will be stored until it is 
analysed for iodine concentrations You understand that your urine sample will only be 
analysed for iodine concentrations You know that the concentrations of iodine measured 
in your urine will be recorded against an ID number. The information linking you to this 
ID number will be destroyed once all the data has been collected and you have been 
given the opportunity to request your individual information. The remaining data, which 
will not be able to be linked back to you in any way, will be placed in secure storage 
and kept for at least ten years You will receive an additional $5 voucher if you provide a 








We would also like you to wear a small red box called an accelerometer on an elastic 
belt 24 hours a day for seven days. This will tell us how much time you spend sitting 
down, moving around, and sleeping. If you choose to wear the accelerometer you will 
be asked to complete a little diary about the times your took the device off, and what 
time you went to bed each night on the days that you wear it. 
 
One of our research team will return to your school the week after this visit to collect 
the accelerometer. You can still take part in the rest of the study even if you don't do 
this bit. 
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Please click the 'AGREE' button below if: 
You agree to wear an accelerometer for 24 hours a day for seven days You understand 
the during this time you will asked to record in a diary provided to you when you take 
the accelerometer on and off, and when you go to bed each night You know that amount 
of time you spend sleeping and moving will be recorded against an ID number. The 
information linking you to this ID number will be destroyed once all the data has been 
collected and you have been given the opportunity to request your individual 
information. The remaining data, which will not be able to be linked back to you in 
anyway, will be placed in secure storage and kept for at least ten years You will receive 
an additional $5 voucher if you wear the accelerometer for seven days and return it to 
the research team when they visit your school If you do not wish to wear an 





Please let us know which type of gift card you would prefer: 
New World/PaknSave 
Please answer the following questions: 
 
What is your first name? 
What is your last name? 
What is your date of birth? 
Today's date for age calculation 
Age 
What is your phone number (mobile would be best - so we can text you reminders)? 
What is your email address? 
Thank you for enrolling in the SuNDiAL project! 
What happens next? 
We are now going to ask you to complete a health and demographic questionnaire. If 
you want to complete it at a later time, please click the "Save and Return" button at the 
bottom of this page (if you click this button you will be given a code which you will 
need to write down and which you will need to use to return to and continue this 
survey). Or, click the "Submit" button to continue. 
 
You will also get an email and/or text to tell you when you can visit the SuNDiAL 
clinic at your school to complete the other measurements, a food recall and an activity 
recall. 
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9.8 Appendix I. Adult Nutrition Survey 2008/09 Major Food Groups 
 
Major food group 
number 
Major food group description 
1 Grains and pasta 
2 Bread (including rolls and specialty breads) 
3 Breakfast cereals 
4 Biscuits 
5 Cakes and muffins 
6 Bread based dishes 
7 Puddings/desserts 
8 Milk 
9 Dairy products 
10 Cheese 
11 Butter and Margarine 
12 Fats and oils 
13 Eggs and egg dishes 




18 Other meat 
19 Sausages and processed meats 
20 Pies and pasties 
21 Fish/Seafood 
22 Vegetables 
23 Potatoes, kumara and taro 
24 Snack foods 
25 Fruit 
26 Nuts and Seeds 
27 Sugar/sweets 
28 Soups and stocks 
29 Savoury sauces and condiments 
30 Non-alcoholic beverages 
31 Alcoholic beverages 
32 Supplements providing energy 
33 Snacks sweet 
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9.9 Appendix J. Classification of Food Group 
Major Food Group 
Descriptor 
Sub Food Group Descriptor 
Grains and pasta Rice 
 Flour 
 Pasta 
 Bran and germs 
 Cereal based products 
 Other grains and cereals 
Bread Regular bread and rolls 
 Flat bread, pita bread, tortillas (plain), pizza bases 
 Specialty breads 
 Bagels 
 English muffins and crumpets 
 Sweet yeast buns 
Breakfast cereals Other breads 
 Wheat based biscuits and shredded wheat 
 Puffed or flaked cereal 
 Extruded cereals 
 Porridge and cooked cereals 
 Bran based cereals 
 Toasted muesli 
 Untoasted muesli 
Biscuits Sweet 
 Savoury 
Cakes and muffins Plain 
 Slices 
 Cake type desserts/gateaux includes fancy rich 
cakes 
 Sweet muffins 
 Savoury muffins 




 Cake bars 
Bread based dishes Sandwiches, filled rolls, filled pita breads and 
croissants 
 Burgers and hot dogs 
 Pizza 
 Tortilla, tacos, doner kebabs, burritos, nachos 
 Dim sims, spring rolls, wontons, bread based batters 
 Stuffings (bread based) 
 Other products 
Puddings/desserts Milk puddings 
 Cheesecakes 




 Sponge (steamed) 
 Sweet pies eg. fruit or custard pies 
 Pavlova & meringues 
 Other puddings eg. brandy snaps 
Milk Cow’s milk 
 Goat’s milk 
 Milks for reconstitution 
 Milkshakes 
 Flavoured milks 
 Soy milk 
 Infant formula 
 Other milk 
Dairy products Cream 
 Sour cream 
 Ice cream 
 Yoghurt 
 Fromage frais (Dairy products) 
 Other dairy products 
 Dairy based dips 
Cheese High fat cheese (>30g fat/100g) 
 Medium fat cheese (20-30g fat/100g) 
 Low fat cheese (<20g fat/100g) 
 Other 
Butter and margarine Butter 
 Butter/margarine blends 
 Polyunsaturated margarine 
 Monounsaturated margarine 
 Reduced fat spreads 
Fats and oils Coconut oil (high SAFA) 
 High MUFA/PUFA 
 High MUFA 
 High PUFA 
Eggs and egg dishes Eggs 
 Egg dishes 
Beef and veal Muscle meat 
 Stir-fries 





 Pork muscle meat 
 Casseroles/stews 
 Stir-fries 
Poultry Chicken muscle meats 







 Other poultry 
Other meat Venison 
 Rabbit/Hare 












 Meat patties 
Pies and pasties Beef pies 
 Chicken pies 
 Pasties 
 Savouries 
 Sausage rolls 
 Bacon and egg pie 
 Quiche 
 Other pies 
Fish/Seafood Fried fish in batter 
 Canned fish 
 Fin fish 
 Shell fish and non-fin fish 
 Fish/seafood pie 
 Fish/seafood casserole stirfrys and fritters 
 Fish/seafood products incl's fish fingers, fish cakes, 
fish paste and roe 
Vegetables Leafy greens 
 Beans/peas/corn 
 Tomatoes and tomato products 
 Orange vegetables 
 Cauliflower/Broccoli/Brussel sprout/cabbage/turnip 
& other brassicas 
 Onion/garlic/leeks 
 Other vegetables 
 Vegetables mixes 
 Legumes, pulses and products 
 Stuffed vegetables and vegetable dishes 
 Salad recipes 





Snack foods Corn snacks including corn chips 
 Pop corn 
 Extruded snacks 
 Other including mixes 
 Other crisps eg. grain or kumara crisps 
Fruit Pomme fruit 
 Berry Fruit 
 Stone fruit 
 Citrus 
 Tropical fruits 
 Other fruits 
 Dried fruit 
 Mixed fruits/fruit salad 
Nuts and seeds Nuts 
 Nut products 
 Seeds 




 Chocolate and chocolate based confectionery 
 Sugar based toppings, sauces and icings 
 Ice blocks including milk or juice base 
 Jam/marmalade/honey 
 Other eg. jelly 
 Artificial sweeteners 
Soups and stocks Soup (includes dry, condensed and homemade) 
 Stocks 
Savoury sauces and 
condiments 
Gravies and Savoury sauces (dry mixes and 
commercial sauces) 
 Condiments, salt and other flavourings 
 Additional sauces 
 Tomato sauce (Savoury sauces and condiments) 
 Roux 
 Salad dressings 
 Pickles and chutneys 
 Yeast and vegetable extracts 
Non-alcoholic beverages Tea 
 Coffee 
 Hot drinks 
 Fruit Juices 
 Cordials and fruit drinks 
 Soft drinks 
 Water 
 Sports drinks 
 Energy drinks 
 Powdered drinks 
 Other non-alcoholic beverages 
110  
 
Alcoholic beverages Beer 
 Wine 
 Spirits 
 Liqueurs and cocktails 




 Protein supplement 
 Carbohydrate supplement includes electrolyte 
replacement drinks 
Snack bars Fruit break/wholemeal fruit bars (fruit wrapped in 
cereal based casing) 
 Muesli bars (rolled oat base) 
 Soft and hard mixed grain bars (mixed cereal base) 
 Puffed cereal bars (based on rice or corn) 
 Other breakfast cereal based bars 
 Nuts and/or seed bars 
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9.10 Appendix K. 24-hour Diet Recall and Anthropometry Recording Sheet 
 
First o or Second o 24 h Recall 
 
Participant ID: Interviewer: 








































Participant ID: Interviewer: 
 
 
Date: Day of the Week: 
 
 
Detailed 24 h Recall 
 
Time Description of Food or Drink Brand Amount Leftovers/Second 
helpings 
     
     
     
     
     
     
     
Was salt added to any of the food reported (either at the table or in cooking/recipes) ?  Yes  No   Don’t know         3 



















































Is this participant willing to participate in a second 24 recall? Yes No 
 
 
If so what time suits them to be rung? 
 













(to nearest 0.1 cm) 
  HEIGHT 2 







YES (0.5 or lower): 
Don’t take a third 
measurement 
 NO (greater than 0.5) 










(to nearest 0.1 kg) 
WEIGHT 2 
(to nearest 0.1 kg) 
ULNA LENGTH 2 
(to nearest 0.1 cm) 
ULNA LENGTH 1 
(to nearest 0.1 cm) 
Do the height, weight and ulna measurements fall 
within 0.5 of each other? 
(Subtract to find out e.g. HEIGHT 1 – HEIGHT 2) 
HEIGHT 3 
(to nearest 0.1 cm) 
WEIGHT 3 
(to nearest 0.1 kg) 
ULNA LENGTH 3 




9.11 Appendix L. Percent of Boys and Girls Reporting Any Consumption 
 
Percent of boys and girls reporting any consumption for each food group in their 24-hour diet recall by NZ Index of Deprivation, SuNDiAL 
study, 2019/20 (n=338) 
 
  Low1 Moderate  High Total 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Bread (including rolls and 
specialty breads) 
85.9 (78.7, 91.0) 85.8 (79.0, 90.7) 72.5 (60.7, 81.7) 83.1 (78.7, 86.8) 
Vegetables 89.1 (82.3, 93.4) 78.7 (71.2, 84.7) 76.8 (65.4, 85.3) 82.2 (77.8, 86.0) 
Fruit 82.0 (74.4, 87.8) 78.7 (71.2, 84.7) 60.9 (48.9, 71.7) 76.3 (71.5, 80.6) 
Grains and pasta 76.6 (68.4, 83.1) 77.3 (69.6, 83.5) 68.1 (56.2, 78.0) 75.1 (70.2, 79.5) 
Milk 71.9 (63.4, 79.0) 73.0 (65.1, 79.8) 65.2 (53.3, 75.5) 71.0 (65.9, 75.6) 
Savoury sauces and 
condiments 
71.1 (62.6, 78.3) 68.8 (60.6, 75.9) 68.1 (56.2, 78.0) 69.5 (64.4, 74.2) 
Non-alcoholic beverages 56.3 (47.5, 64.6) 61.7 (53.4, 69.4) 76.8 (65.4, 85.3) 62.7 (57.4, 67.7) 
Potatoes, kumara and taro 62.5 (53.8, 70.5) 61.0 (52.7, 68.7) 55.1 (43.2, 66.4) 60.4 (55.0, 65.5) 
Sugar/sweets 60.2 (51.4, 68.3) 58.2 (49.8, 66.0) 59.4 (47.5, 70.4) 59.2 (53.8, 64.3) 
Biscuits 57.8 (49.1, 66.1) 51.1 (42.8, 59.3) 53.6 (41.8, 65.0) 54.1 (48.8, 59.4) 
Poultry 51.6 (42.9, 60.1) 53.2 (44.9, 61.3) 53.6 (41.8, 65.0) 52.7 (47.3, 58.0) 
Cheese 46.9 (38.4, 55.6) 57.4 (49.1, 65.4) 39.1 (28.3, 51.1) 49.7 (44.4, 55.0) 
Butter and margarine 43.0 (34.6, 51.7) 48.9 (40.7, 57.2) 39.1 (28.3, 51.1) 44.7 (39.4, 50.0) 
Breakfast cereals 38.3 (30.2, 47.0) 51.1 (42.8, 59.3) 36.2 (25.8, 48.2) 43.2 (38.0, 48.6) 





  Low1 Moderate  High Total 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Nuts and Seeds 48.4 (39.9, 57.1) 37.6 (30.0, 45.9) 26.1 (17.1, 37.7) 39.3 (34.3, 44.7) 
Cakes and muffins 40.6 (32.4, 49.4) 38.3 (30.6, 46.6) 34.8 (24.5, 46.7) 38.5 (33.4, 43.8) 
Pork 25.0 (18.2, 33.3) 39.0 (31.3, 47.3) 39.1 (28.3, 51.1) 33.7 (28.9, 39.0) 
Snack bars 32.8 (25.2, 41.4) 31.2 (24.1, 39.4) 30.4 (20.7, 42.3) 31.7 (26.9, 36.8) 
Bread based dishes 25.8 (18.9, 34.1) 34.8 (27.3, 43.0) 33.3 (23.2, 45.3) 31.1 (26.3, 36.2) 
Snack foods 26.6 (19.6, 34.9) 27.0 (20.2, 34.9) 30.4 (20.7, 42.3) 27.5 (23.0, 32.5) 
Eggs and egg dishes 25.0 (18.2, 33.3) 32.6 (25.4, 40.8) 18.8 (11.2, 29.9) 26.9 (22.4, 31.9) 
Beef and veal 22.7 (16.2, 30.7) 27.0 (20.2, 34.9) 26.1 (17.1, 37.7) 25.1 (20.8, 30.1) 
Fats and oils 28.9 (21.7, 37.4) 21.3 (15.3, 28.8) 24.6 (15.9, 36.2) 24.9 (20.5, 29.8) 
Sausages and processed meats 22.7 (16.2, 30.7) 25.5 (19.0, 33.4) 24.6 (15.9, 36.2) 24.3 (20.0, 29.1) 
Fish/Seafood 15.6 (10.3, 23.0) 19.1 (13.4, 26.5) 20.3 (12.4, 31.5) 18.0 (14.3, 22.5) 
Pies and pastries 14.1 (9.0, 21.3) 14.9 (9.9, 21.8) 17.4 (10.1, 28.2) 15.1 (11.6, 19.3) 
Supplements providing energy 12.5 (7.8, 19.5) 14.2 (9.3, 21.0) 5.8 (2.2, 14.5) 11.8 (8.8, 15.8) 
Puddings/desserts 10.2 (6.0, 16.7) 7.8 (4.4, 13.6) 7.2 (3.0,1 6.3) 8.6 (6.0, 12.1) 
Soups and stocks 9.4 (5.4, 15.8) 6.4 (3.3, 11.8) 8.7 (3.9, 18.1) 8.0 (5.5, 11.4) 
Lamb/Mutton 12.5 (7.8, 19.5) 2.8 (1.1, 7.3) 2.9 (0.7, 10.9) 6.5 (4.3, 9.7) 
Alcoholic beverages 2.3 (0.8, 7.1) 5.0 (2.4, 10.1) 5.8 (2.2, 14.5) 4.1 (2.5, 6.9) 
Other meat 0.8 (0.1, 5.4) 0.7 (0.1, 4.9) 1.4 (0.2, 9.7) 0.9 (0.3, 2.7) 
1 The lowest NZDep 18 category reflects the least deprivation 
2 CI=Confidence Interval 




9.12 Appendix M Total Percent Energy from each Food Group for Boys and Girls 
 
Mean percent total energy from each food group for boys and girls by NZ Index of Deprivation, SuNDiAL study, 2019/20 
 
Low (n=128)1 Moderate (n=141)  High (n=69) Total (n=345) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Grains and pasta 11.0 (9.1, 12.8) 10.6 (8.8, 12.4) 9.0 (6.8, 11.1) 10.3 (9.2, 11.4) 
Bread (including rolls 
and specialty breads) 
10.4 (9.0, 11.8) 10.4 (9.1, 11.6) 9.7 (7.4, 12.0) 10.2 (9.3, 11.1) 
Bread based dishes 5.0 (3.2, 6.7) 5.8 (4.0, 7.5) 7.7 (4.2, 11.1) 6.0 (4.8, 7.2) 
Fruit 7.0 (5.7, 8.3) 5.9 (4.9, 6.9) 3.7 (2.4, 4.9) 5.8 (5.1, 6.5) 
Poultry 5.8 (4.3, 7.2) 5.7 (4.4, 7.0) 5.6 (3.7, 7.6) 5.8 (4.9, 6.7) 
Potatoes, kumara and 
taro 
5.9 (4.6, 7.2) 5.8 (4.6, 7.0) 5.4 (3.6, 7.2) 5.7 (4.9, 6.4) 
Milk 4.4 (3.5, 5.4) 4.7 (3.7, 5.7) 4.1 (2.9, 5.4) 4.5 (3.9, 5.1) 
Cakes and muffins 4.5 (3.2, 5.7) 3.9 (2.8, 5.1) 4.3 (2.4, 6.1) 4.2 (3.5, 5.0) 
Biscuits 4.3 (3.3, 5.3) 3.9 (3.0, 4.8) 4.3 (2.7, 5.9) 4.2 (3.6, 4.8) 
Vegetables 3.9 (3.1, 4.7) 3.9 (2.8, 5.0) 3.8 (2.1, 5.5) 3.9 (3.2, 4.5) 
Breakfast cereals 2.7 (2.0, 3.5) 4.0 (2.9, 5.1) 3.5 (1.9, 5.0) 3.5 (2.9, 4.1) 
Non-alcoholic beverages 3.0 (2.2, 3.7) 3.4 (2.6, 4.3) 3.6 (2.4, 4.8) 3.3 (2.8, 3.8) 
Sugar/sweets 2.9 (2.1, 3.7) 3.4 (2.4, 4.3) 3.3 (1.8, 4.7) 3.2 (2.6, 3.7) 
Nuts and Seeds 3.3 (2.2, 4.3) 2.6 (1.6, 3.5) 2.9 (0.6, 5.2) 2.8 (2.1, 3.5) 
Cheese 2.7 (1.9, 3.5) 2.9 (2.2, 3.6) 2.4 (1.3, 3.5) 2.7 (2.3, 3.2) 





Low (n=128)1 Moderate (n=141) High (n=69) Total (n=345) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Dairy products 2.6 (1.8, 3.4) 2.0 (1.5, 2.6) 2.4 (1.3, 3.4) 2.3 (1.9, 2.8) 
Sausages and processed 
meats 
1.7 (1.1, 2.3) 2.1 (1.2, 2.9) 2.7 (0.9, 4.5) 2.1 (1.5, 2.6) 
Snack bars 2.4 (1.4, 3.3) 2.0 (1.4, 2.7) 1.9 (1.1, 2.8) 2.1 (1.6, 2.6) 
Savoury sauces and 
condiments 
2.5 (1.8, 3.1) 1.9 (1.4, 2.4) 2.1 (1.5, 2.8) 2.1 (1.8, 2.5) 
Pies and pastries 1.9 (1.0, 2.9) 1.9 (0.9, 2.8) 2.5 (0.9, 4.1) 2.0 (1.4, 2.6) 
Snack foods 1.7 (1.0, 2.4) 1.6 (1.0, 2.3) 2.1 (1.1, 3.1) 1.7 (1.3, 2.1) 
Pork 1.4 (0.7, 2.1) 1.6 (1.0, 2.2) 1.4 (0.9, 2.0) 1.5 (1.1, 1.8) 
Eggs and egg dishes 1.2 (0.7, 1.7) 1.4 (0.9, 2.0) 1.0 (0.4, 1.5) 1.3 (1.0, 1.5) 
Fish/Seafood 1.1 (0.5, 1.6) 1.4 (0.8, 2.1) 1.1 (0.5, 1.6) 1.2 (0.9, 1.6) 
Butter and margarine 1.2 (0.9, 1.6) 1.4 (1.0, 1.8) 0.9 (0.5, 1.3) 1.2 (1.0, 1.4) 
Supplements providing 
energy 0.7 (0.3, 1.1) 1.0 (0.5, 1.6) 0.6 (0.0, 1.2) 0.8 (0.5, 1.1) 
Fats and oils 0.8 (0.5, 1.2) 0.6 (0.3, 0.9) 1.2 (0.5, 1.8) 0.8 (0.6, 1.0) 
Alcoholic beverages 0.2 (0.0, 0.4) 0.7 (-0.1, 1.5) 1.7 (-0.4, 3.9) 0.7 (0.2, 1.3) 
Soups and stocks 0.5 (0.2, 0.8) 0.5 (0.1, 0.9) 0.9 (-0.2, 2.0) 0.6 (0.3, 0.9) 
Puddings/desserts 0.9 (0.3, 1.4) 0.4 (0.2, 0.7) 0.3 (0.0, 0.6) 0.6 (0.3, 0.8) 
Lamb/Mutton 0.7 (0.3, 1.1) 0.4 (-0.1, 0.8) 0.5 (-0.3, 1.3) 0.5 (0.2, 0.8) 
Other meat 0.1 (-0.1, 0.2) 0.1 (-0.1, 0.3) 0.3 (-0.3, 0.9) 0.1 (0.0, 0.3) 
1 The lowest NZDep 18 category reflects the least deprivation 
2 CI=Confidence Interval 




9.13 Appendix N. Total Percent Energy from each Food Group for Boys 
 
Mean percent total energy from each food group for boys by NZ Index of Deprivation, SuNDiAL study, 2019/20 
 
Low (n=31)1 Moderate (n=44) High (n=24) Total (n=102) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Grains and pasta 17.1 (11.7, 22.4) 12.7 (8.6, 16.8) 11.4 (7.4, 15.3) 13.1 (10.6, 15.6) 
Bread (including rolls and 
specialty breads) 
7.9 (5.2, 10.7) 10.7 (8.2, 13.3) 10.6 (6.0, 15.1) 9.7 (8.0, 11.3) 
Poultry 6.6 (3.3, 9.8) 9.3 (6.0, 12.6) 8.8 (4.3, 13.3) 8.6 (6.5, 10.7) 
Milk 5.7 (3.4, 8.1) 7.0 (4.7, 9.2) 5.2 (3.0, 7.4) 6.2 (5.0, 7.5) 
Breakfast cereals 3.3 (1.9, 4.8) 5.7 (3.2, 8.2) 5.4 (2.2, 8.6) 5.1 (3.8, 6.5) 
Fruit 4.0 (2.2, 5.9) 5.4 (3.7, 7.2) 2.2 (0.9, 3.5) 4.1 (3.1, 5.0) 
Potatoes, kumara and taro 5.1 (2.3, 7.9) 5.1 (2.7, 7.5) 5.3 (1.8, 8.8) 5.0 (3.5, 6.5) 
Bread based dishes 4.6 (1.2, 8.1) 4.5 (1.5, 7.5) 6.6 (0.3, 12.9) 5.7 (3.4, 8.0) 
Non-alcoholic beverages 3.4 (1.7, 5.1) 3.8 (1.9, 5.6) 2.4 (0.7, 4.1) 3.3 (2.4, 4.3) 
Sausages and processed 
meats 
2.5 (1.1, 3.9) 3.0 (1.1, 4.9) 2.3 (-0.1, 4.7) 2.6 (1.6, 3.7) 
Biscuits 2.6 (0.5, 4.6) 2.8 (1.1, 4.4) 4.2 (0.8, 7.5) 3.2 (2.0, 4.4) 
Beef and veal 2.2 (0.8, 3.6) 2.7 (0.7, 4.8) 4.5 (0.9, 8.1) 2.8 (1.6, 4.0) 
Cheese 2.3 (0.3, 4.2) 2.6 (1.5, 3.7) 2.0 (0.5, 3.5) 2.5 (1.7, 3.3) 
Pies and pastries 4.3 (1.4, 7.2) 2.4 (0.0, 4.7) 1.9 (-0.1, 3.8) 2.8 (1.4, 4.2) 
Nuts and Seeds 2.6 (0.9, 4.2) 2.4 (0.1, 4.6) 2.6 (0.2, 5.1) 2.4 (1.2, 3.5) 





Low (n=31)1 Moderate (n=44) High (n=24) Total (n=102) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Savoury sauces and 
condiments 
2.2 (1.0, 3.5) 2.2 (1.0, 3.4) 2.0 (0.8, 3.3) 2.2 (1.5, 2.8) 
Fish/Seafood 1.0 (0.1, 1.8) 1.8 (0.5, 3.2) 0.9 (-0.1, 1.9) 1.3 (0.7, 1.9) 
Dairy products 2.3 (0.9, 3.7) 1.8 (0.8, 2.8) 3.0 (0.7, 5.4) 2.3 (1.5, 3.1) 
Sugar/sweets 1.5 (0.1, 2.9) 1.8 (0.4, 3.2) 2.0 (0.1, 3.8) 1.7 (0.9, 2.5) 
Eggs and egg dishes 1.5 (0.6, 2.5) 1.7 (0.5, 2.9) 0.6 (0.1, 1.1) 1.4 (0.8, 2.0) 
Vegetables 3.1 (1.4, 4.8) 1.7 (0.5, 2.9) 4.8 (0.4, 9.2) 2.9 (1.7, 4.2) 
Snack bars 0.4 (-0.1, 0.9) 1.6 (0.6, 2.6) 0.9 (0.1, 1.8) 1.0 (0.5, 1.4) 
Cakes and muffins 6.3 (2.8, 9.9) 1.2 (0.1, 2.3) 2.2 (-0.3, 4.7) 3.2 (1.8, 4.5) 
Butter and margarine 0.8 (0.2, 1.3) 1.1 (0.5, 1.8) 0.9 (0.3, 1.5) 1.0 (0.7, 1.4) 
Snack foods 1.4 (0.0, 2.7) 0.9 (0.0, 1.8) 1.4 (-0.1, 2.8) 1.1 (0.5, 1.7) 
Puddings/desserts 1.3 (-0.1, 2.7) 0.7 (0.0, 1.4) 0.1 (-0.1, 0.3) 0.7 (0.2, 1.2) 
Soups and stocks 0.4 (-0.1, 1.0) 0.4 (-0.2, 1.0) 2.0 (-1.3, 5.2) 0.8 (0.0, 1.5) 
Supplements providing 
energy 
0.4 (-0.2, 1.1) 0.3 (-0.1, 0.8) 0.2 (-0.3, 0.7) 0.4 (0.1, 0.7) 
Alcoholic beverages 0.0 - 0.2 (-0.1, 0.6) 0.0 - 0.1 (-0.1, 0.2) 
Fats and oils 1.2 (0.3, 2.1) 0.2 (-0.1, 0.4) 1.6 (0.1, 3.2) 0.8 (0.4, 1.3) 
Lamb/Mutton 0.7 (-0.1, 1.5) 0.0 - 0.0 - 0.2 (0.0, 0.4) 
Other meat 0.0 - 0.0 - 0.8 (-0.9, 2.5) 0.2 (-0.2, 0.6) 
1 The lowest NZDep 18 category reflects the least deprivation 
2 CI=Confidence Interval 




9.14 Appendix O. Total Percent Energy from each Food Group for Girls 
 
Mean percent total energy from each food group for girls participants by NZ Index of Deprivation, SuNDiAL study, 2019/20 
 
Low (n=97)1 Moderate (n=100) High (n=45) Total (n=243) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Bread (including rolls and 
specialty breads) 
11.2 (9.6, 12.8) 10.2 (8.7, 11.7) 9.3 (6.6, 11.9) 10.4 (9.4, 11.4) 
Grains and pasta 9.0 (7.3, 10.7) 9.8 (7.8, 11.7) 7.7 (5.1, 10.2) 9.2 (8.0, 10.3) 
Bread based dishes 5.1 (3.0, 7.1) 6.3 (4.1, 8.5) 8.2 (4.0, 12.5) 6.2 (4.7, 7.6) 
Fruit 8.0 (6.4, 9.5) 6.1 (4.9, 7.3) 4.5 (2.7, 6.3) 6.5 (5.6, 7.4) 
Potatoes, kumara and taro 6.1 (4.7, 7.6) 6.0 (4.6, 7.5) 5.4 (3.2, 7.7) 5.9 (5.0, 6.9) 
Cakes and muffins 3.9 (2.7, 5.1) 5.0 (3.5, 6.5) 5.4 (2.9, 7.9) 4.7 (3.8, 5.6) 
Vegetables 4.2 (3.2, 5.1) 4.8 (3.4, 6.3) 3.2 (1.9, 4.6) 4.3 (3.5, 5.0) 
Biscuits 4.9 (3.7, 6.1) 4.4 (3.3, 5.5) 4.3 (2.6, 6.1) 4.6 (3.9, 5.3) 
Poultry 5.5 (3.9, 7.2) 4.2 (3.0, 5.4) 3.9 (2.1, 5.7) 4.7 (3.8, 5.6) 
Sugar/sweets 3.4 (2.5, 4.4) 4.0 (2.8, 5.2) 4.0 (1.9, 6.0) 3.8 (3.1, 4.5) 
Milk 4.0 (3.0, 5.0) 3.8 (2.7, 4.9) 3.6 (2.0, 5.2) 3.8 (3.1, 4.5) 
Non-alcoholic beverages 2.8 (2.0, 3.7) 3.3 (2.4, 4.3) 4.2 (2.6, 5.8) 3.3 (2.7, 3.9) 
Breakfast cereals 2.5 (1.6, 3.5) 3.3 (2.2, 4.4) 2.5 (0.8, 4.1) 2.8 (2.2, 3.5) 
Cheese 2.8 (2.0, 3.7) 3.0 (2.1, 3.9) 2.6 (1.1, 4.2) 2.9 (2.3, 3.4) 
Nuts and Seeds 3.5 (2.2, 4.8) 2.6 (1.7, 3.6) 3.1 (-0.3, 6.4) 3.0 (2.2, 3.9) 
Snack bars 3.0 (1.8, 4.1) 2.2 (1.4, 3.0) 2.5 (1.2, 3.7) 2.6 (2.0, 3.2) 





Low (n=97)1 Moderate (n=100) High (n=45) Total (n=243) 
Food Group % (95% CI2) % (95% CI) % (95% CI) % (95% CI) 
Snack foods 1.8 (0.9, 2.7) 1.9 (1.1, 2.8) 2.5 (1.1, 3.8) 2.0 (1.4, 2.5) 
Beef and veal 1.9 (0.9, 2.9) 1.9 (1.1, 2.6) 2.9 (0.9, 4.9) 2.1 (1.5, 2.7) 
Savoury sauces and 
condiments 
2.5 (1.7, 3.3) 1.8 (1.3, 2.3) 2.2 (1.4, 3.0) 2.1 (1.7, 2.5) 
Sausages and processed 
meats 
1.4 (0.7, 2.2) 1.7 (0.8, 2.6) 2.9 (0.4, 5.3) 1.8 (1.2, 2.5) 
Pies and pastries 1.2 (0.4, 2.0) 1.7 (0.7, 2.6) 2.9 (0.6, 5.1) 1.7 (1.1, 2.3) 
Butter and margarine 1.4 (1.0, 1.8) 1.5 (1.0, 1.9) 0.9 (0.4, 1.4) 1.3 (1.1, 1.6) 
Eggs and egg dishes 1.1 (0.5, 1.6) 1.4 (0.8, 1.9) 1.2 (0.3, 2.0) 1.2 (0.9, 1.5) 
Pork 1.4 (0.6, 2.2) 1.3 (0.8, 1.8) 1.4 (0.7, 2.2) 1.3 (0.9, 1.8) 
Supplements providing 
energy 
0.8 (0.3, 1.3) 1.3 (0.6, 2.0) 0.8 (-0.1, 1.6) 1.0 (0.6, 1.4) 
Fish/Seafood 1.1 (0.4, 2.0) 1.3 (0.5, 2.0) 1.1 (0.4, 5.3) 1.2 (0.7, 1.6) 
Alcoholic beverages 0.2 (-0.1, 0.5) 0.9 (-0.2, 2.0) 2.7 (-0.7, 5.9) 1.0 (0.2, 1.8) 
Fats and oils 0.7 (0.4, 1.1) 0.7 (0.3, 1.1) 0.9 (0.3, 1.5) 0.8 (0.5, 1.0) 
Soups and stocks 0.5 (0.1, 0.8) 0.6 (0.1, 1.1) 0.3 (-0.1, 0.7) 0.5 (0.2, 0.8) 
Lamb/Mutton 0.7 (0.3, 1.1) 0.5 (-0.1, 1.1) 0.8 (-0.5, 2.0) 0.6 (0.3, 1.0) 
Puddings/desserts 0.8 (0.2, 1.3) 0.3 (0.0, 0.6) 0.4 (0.0, 0.8) 0.5 (0.2, 0.8) 
Other meat 0.1 (-0.1, 0.3) 0.1 (-0.1, 0.4) 0.0 (0.0, 0.0) 0.1 (0.0, 0.2) 
1 The lowest NZDep 18 category reflects the least deprivation 
2 CI=Confidence Interval 
      
 
